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(54) SEMICONDUCTOR LASER AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To prevent the generation of a leakage 
current by a method wherein a semiconductor laser is 
provided with an impurity introducing region, which 
separates electrically the upper part of a mesa stripe 
formed of impurities introduced through the side of the 
surface of a current blocking layer of a first conductivity 
type from a current blocking layer of a second 
conductivity type. 

CONSTITUTION: A double heterostructure, which is 
constituted of a lower clad layer 2, an active layer 3 and 
a first upper clad layer 4, is formed into a mesa stripe 
form by two stripes of channel grooves formed by 
etching and a P-type InP buried layer 5, an N-type InP 
current blocking layer 6 and a P-type InP current 
blocking layer 7 are arranged in order in such a way as 
to bury the double heterostructure in the channel 
grooves. Moreover, a P-type impurity introducing region 
1 3 is formed of P-type impurities introduced through the 
side of the surface of the layer 7 and is arranged so as 

to separate the upper part of a mesa stripe and the layer 6 from each other. Thereby, the 
generation of a defective structure, wherein the point part of the layer 6 and the upper part of 
the mesa stripe come into contact to each other, can be inhibited. 
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<? =? v KH 2 o 4 *«»Strt*l=rt*T? 

[0 0 18] £b(c. H4 7(c^-rfiat*54(c33^r 
[*< S102I21 6 |7X^ <t X^5 t >^(=J:y 
U ryX K5-f ?£fl«L*:»fi\ S 102 12 160 
±^77 KB2 0 4i:»nS»ttA<BL^i:^b, 

cfc^JC. 'J S>±4SI»«Hj&< (111) AB3^&ft«aE 

ft* o LT> i7f>yi8«OLPEl 40 
(111) AH^6**U ^S>-htt»«ffi(3li 

pi i npaajB2 0 5o>rt**<ai*r. *a>«*. ■ 

5 1 (C^cfc^lCnK I nP?a7*|206tngI 

nP^7^KB204A<gjltL, ±aa>« 2 a>»a«3f[ 

+f <D#© y A<ffiT"T £ i: I* a BflH*<& o t-o 
[0019] ca>y ^i>±as»«ffi*< (1 1 D ah** 



X K 2 1 5S7X^d:Ls »J *v v»fifc*ffofc»^lC*> 

[0020] ±aa>«fc5«:*»ai[»a>^ja-ei4. HI 4 6 

(c) ic*5it*x^^>yxa-e^ja**L«3fe*a»o>»r 

Bfl&ttl** BP^ (011) *Ip]<DX K^-T — > 

t Ltffil>fci§fl)I^f >^«lina I n P_L£5 
V K»2 0 4Ml=*rt-*U$?X h<D*»tt(=«#-r 

@4 6(d) \z7jk?&ot£mmo>MjLm$tzrnyvm 

»»»0)iBWH4 6 (c) lc^-rcfc5>5:*f£t>A^ 

v KB 2 0 4S5l:»f -5 Lx^X KcDSSttrtM&l^** 
(c. -7X^T(cfcLNTlS*fp](z+>--r Kxy^>^3b<31t? 

3<D«fcd3tC^*(cx»>5 L >^ r *tLfc^x/Mc|g4 6 

(d) IC3F-TL P E&C:J:-&H&B8E:fP*;/*B<DXbr* 

^«ilJ^*<il< . 0 5 1 (C^-T cfcdlC. n-InP^P 
•>^l206A<n-l n P±*^«y KB2 0 4<k»«L 

arc. «2©*a«3iE«B<D^ja(=<fcy i^— 

[002 1] *fc, H 5 2ttft)x.tfWBBBB6 3-169 
0 8 8 ^**Lfctt*a>#*i*Lx— tF(D«ag*^ 
-r^rSIU-Cfe^o Elrrfci>r 2 2 1 lipi 1 n PSfit* 
fc£o pi I n P/<'>77l2 2 2liSfi2 2 1±CE 
S**U I nGaAsP;5ttl2 23li/\ # ^77l2 2 
2±|Zffi»**U nIInPH±^7^Kl224li 
;ilt!2 2 3_blCiBg^tL^)o »1±»7*;KI2 2 
4. Sei2 2 3, WfA*;77|2 2 2<0— *M£X ? 
^>^.(C«fcy y-9-X h^-f ^«£2 2 5|Cj£fl2£;h.-ClN 
6o pS I n PS 1 laB 2 2 6li^« h7-f 7*11 
2 2 5<7>fflOM-h(caES*+l. nil nPS2l^l2 2 
7l±*lH&B2 2 6Jt|CE«£*U pll nPl3l 
aB2 2 8l4»2fflaB2 2 7±(CEiS**L*o nil 
nP«2±^7^K!2 2 9f*y thX h 5 -f 
ffi. ^l/m3jS>iB2 2 8_t|C^g^^^ 0 

[0022] ^0&5tem&o*mt*\s- j >f\*. ±&l 

fc«fc3l=. tt*. piInPH2 2 1±|:/<*;77l 
2 2 2, SttB2 2 3. »tf»1±*7f KI224S 
IQR^AAftL. x^^X/lc^ymi-h^^^ KB 2 
24, ;SttB2 23 f St//<777l2 2 20)-^^^ 

(lpe) ^(c«ty >itx h^-r^o>ias-9->r K_b(c P i 

InPSllM2 26, nil nPS2l^f22 
7. pi I n Pft3«&ff2 2 8£m%ttBjttA£li\ 



(7) 



ftBa¥06-291416 



2±<? =7 v KJB 2 2 9 S^fijcfiLt^SLtl^o 

[0 0 2 3] ^ICiMtlCO^Tl&B^^o H5 2|C^^ 
#lfci|iS|tt:U— tf(C^lNT. P iInPSfi22lM 
ni I n P±^7^^ KJI2 2 9 (D^3g(C|H/\V TX^ff 

7b< I n G a A s P;£f£/I2 2 3(C;^A^^t I n G a A s 
P ;£ttJf 2 2 3 <PV%Jinm£ir Z> c £ ic J; y u— 5§ 

Jltf^X^o P SlnPSliM226, nilnP 
*2iM22 7, pIlnP*3iai2 2 8li, ± 

I nGaAsP;f|4l2 23iSPSl n 10 
G a A s P SttJi 2 2 3<tU H«T*0>/h 2 LM n PJgS 

^ 1 1:* y gtti 223 -est ifcft* as 

12 2 3tolzm%>l~fflC&to&^t* JkTf nS! I nPl 
2J1&H2 27tpil n Pm3H^Jl2 2 y & 

/\V 7X(^^Mt^) C <t [C cfc y «3H**£frftl*3 
ttl 2 2 3 < 4-V U 7j;iAt^) c i: Sl^^ 

[0 0 2 4] LfrLt£tfh>m5 2.[Z7jiZ*ltz*m&\s— 
1fT?(i. niInP|1±^7'yKl2 24(tnIIn 
Pl2l^l2 2 7^ci:*<otl>^^ El5 3(C^ 20 
■Tcfc^lC. P iInPS«221^bniInPi2l 
ai2 2 7Siy, nil nP*1±^7!VKl224 

^a<*ia>jii»«ate»2 3 0A^rt**L-6o situ 
2 2 3^at*L"rca>»tjassR»»2 3 o tatt-swat* 

[0 0 2 5] Sot U-+f(DStU^^H?l-r^)±-C?(*. 30 
nSl nPl1±^77K!224i:niI nPl2l 

*s*r *fc Ao^aicoL^rsBaBB 63-202985 

l**#Ji*ft(*. HI 5 4|C7F-r£5lCni I nPi2l 
&H227<tpiI nPl1l^l2 2 6*fclipiI 

np|3 m&m 22 zk a>ra-eo^Jtt«a(Dffis»»**j 

JflU n fi I n P» 2 1M 2 2 7 p IlCfi 

KLTp£!J5te«tt2 2 7' ZteflLL. nilnPlI 
±^77KB2 24tnS!lnP*2iM227tS 40 

[0026] LA^Lft*<6ca>*arr*#aaiB2 2 
6, 227, 2 2 8(Di6W(cM|grt<£i;£ 0 S14H2 2 

226, 227, 2 2 88tfn|InP82±^7'>K 
i2 2 9lC«feyifilt**lfcp n p ntM' yx*fl|jft&*& 

A<afi-efty. wfcftcitni i n pfS2Ji&JB2 2 

7^^'J71SSB< Lpl I nP$1 M2 2 6 50 



**&»A**l**— JU£ ng I nPl2l^l2 2 7"C? 
B^WB^Sl** pfil nP»3iai2 2 8^0)* 

2S&J12 2 7(D^^'JTigS^S< Lfc»*, nil 
n P»2iaB2 2 7<D9tm& p 

I*. pil nPilS^l22 6^fcli P II nP§3 

pI^'J7;M^3 x 1 oi8 C m-3 VL±lZTt%^klZm 
SStrfeU. -f:(btz#) n i I n PS2I^I2 2 7(D^ 
l J7'»K£B< LfcWft. nllnPl2l^l227 

M«pI(c^t^ci:A<-C#^<J!j:|, 0 £fc n 

iinPii «&B2 2 7(0ftaasspS!icsig*-a--s/c 

Ai: P iInPlM2 2 6, 2 2 80)^'J7«SS 
S<"T^<t. W«WniI nPS2l^l2 2 
7 ^(O^S 5>f SttI 2 2 3^t± C^fcift. y*)— *r 
^•J7»ftlcj; y5SttJB2 2 3^6ajfcatO>IRitelB*A< 

[0 0 2 7] ^oTC(^@3t*;ife"e(ini I nPl2l 
5W2 2 7©tt 'J7ltt+»«< lit pnp 

[0 0 2 8] *f;ni I n P*2S&Ji2 2 7 t ni I 
nP»1±*77Kl2 24 *<»lt Lfc*it(C *5l*T 

HIS Sd^-TctaiC. pi I nPf 11^1226 
^bnSl nP»1±^7^KB22 4 ^« < f2(Dj| 

»«a«»2 3 i*<»*s*t* 0 c(oft2o>«i»«sKe 

B2 3 1 *3S+L*«3K«f*. pi I n P(D«ta*<ni I 
n PCDffitact y**l^fc* i% H5 3l^tcfc7^ng!l 
n PI2KI22 7 <t n i I nP«1±{77^Ki2 

2 4*<»«Lfc«jreG>SB 1 <0»SftS3fES»2 3 o tat 

tL*«ata<fcy*ftL^<. u— -tfa>aaj*i«tt(::R*£ 
4^^o c(D*2(Djiia!i«aEa»2 3 1 taE+Lsaat* 
*««-r*ici*. Att«9kiiik2 3 1 

I*, pi I n P1M 1 If 2 2 60*^'J7ifiS»< 
-f£. *fcl*31±Jl2 2 3£:nS!l n P«2iai2 2 
7 k(Dmm$:>\^< L*JaS3SESJ»0>*S2 3 2£»<-T 

1±^7'VKl224tpil n PI^I 1I226IC 

*y^rt**i*p nfts©eji/ h>r >*t>*>-wu*</j* 

t'J-^/UB2 3 2 £»<^£ ;:£j&<ft»fcBaj*ra 
tt£»*fctf>lcMS-t?fc*o @5 6liU-^/UB2 3 
2 k Is— ^£>g*tiJ2i (Pmax ) 0>B8ff ***riaT?& 

9/<XM 2 3 2 < #tfflT£ 0 

[0 0 2 9] HI 5 7(*ffl*.(iv* — -^U^^-f 

h^i-f^f^/Qy- 7#. 10§ (1989 



(8) *$P?fW06-291416 



^) . 15151 (JOURNAL OF LIGHTWAVE TECHNOLOGY, 
VOL7.NO. 10, OCTOBER 1989, P. 1515 ) lc^£;h,fcft 
3fe<7> n m&fc£m^tz I n G a A s P ^Wft<DS#>&<^ 

fc^t2 4 1linll nPS«, 2 4 2 li n 1 I nPT 
^^*>KH. 243li7>K-^I nGaAsPSf* 
JI. 244lipll nPf 1±^77KI, 245l*p 

Si i n PMXiynvVm. 2 4 6linSli n pm^S^n 

247l*pSlnP*2±^77KB, 248 
l*p£! I nGaAsPP>£^ hJf"Cfc£o *fc* 2 4 

glints. 2 5 oi*p«««-cfc*. ft*>\ ±ex 

[0030] 13 5 9 5 7 (D*SH* tf 0>fEg3?P 
tX^^tRilgitfel), ^fMOCVD;^ffl^ 
T ni 1 n PS1S2 4 1 ±CnSI I nP^7^ KI24 
2, 7>K-^InGaAsP;ittl243, &tfpi 

1 n POz>V KJ12 4 4SIMILfct> X/\°-/*£ 
mi^XS 102 125 1 **RL, ^<7>&. iM«(7>^^ 

KU V^^^-f ft^^ffll^T. 135 9(a) ic^-fcfcd 

(c. Si02l25i$x h^-f Aax-f 3 0 

[003 1] #|r. Si02i251 S7X^i LXm 
IV B r t> hi LTfflL^ [1 5 

9(b) <D£5\Z*VJLyT^7£'nt+'otz'&. Sl/MO 
CVD;^ffl^tpSl nPl^^P7^l245, & 
Ifnm I n P^3it^P^^e2 4 6£Hl5 9 (c) 

[0 0 3 2] Ctf>&. HFCcfcUS i 02 i2 5U^ 
£U OX/N^aiCMO C V D;4 J fflUt p I I n P 0 
7^K1247, S(/piI nGaAsPH>^^hI 

2 4 8*nK*xe**vvjuja*-rsxa. *f24i 

^S, =J>$^ h!2 4 8«ffllC-t*L-F*Ln«««2 4 
9, p«IS2 5 0$MtSlS**gt. 05 7C 

[0 0 3 3] *|:itti:oi\tKWt*o [U5 7|c^£ 

*lfc¥»f*U— IflCfclvC* ««2 4 9. 2 5 0S^L 
TnH 1 n PS1R2 4 1 RtfpS I nGaAsP=l>^ 
* KB2 4 8<DH*C*/<*7X«ffi*ffljta**i. * 
V'J7tfc§/t-;^lW I n G a A s P;Sf£Jl2 4 

3 |C;±A2*l I n G a A s P;SttJ§ 2 4 3 *-e**BJS 

fi-rscticcfcy u— +f*«35<±i:*o pSinPia 

?P*;9B245, nil n P ■St?P ^ <7 J| 2 4 6 I* 
I n G a A s P;£ttJf2 4 3$JS5£ I nGaAsPcfcU 

1243 Lfc#£3ttB 2 4 3 rtlc*aicBB 

tb&ZLt. WpII n Pta?P«^Ii nS 1 n P 

y ia»?*tfL>gtti 243 da** <*^J7* 



[0 0 3 4] 

Srt«T?I±. ja«B(DB**JtSittA<+»-e*:<. ^(Dfc 

T#5*i4t^^5ll(IW<ftofc. 
[003 5] *fc. tt*(Z> I n P U-tFCDSig 

10 *miz&\i&ftm&&<DMmt±&o>&?iz^ u^xk 

8Mj(c*/£oT. 7^ilA3|(cj:ytaA«EBiOIMblR« 

5 iclti^*<* m&mmtzMiiLz *iz>Mit 
icj; y&oxASc^oti^y, £tcP-<7>^x/\ 
y. ±5eo>^^iUBiw=j:y. h*«**ti-68 

S, Xl±0x/\®p*9tcfcixr^— niyTts? 

y. #«y*<»L^^3i««jflA<ftofco 

[0 0 3 6] *fc. t**<D P SS«*m*fcffl&^P 

£*#£*z#>|r|£ % n!lnP*2iM7(D+^'J7il 
m^<T^>t drtC, nil nP«1±^7^KS4 
irnii nP|1 ig&H 7 (DMLfc«t;S)41 3 <!r 
nil nPgl JiaJB7*5ftcyi+ftlt*ttfft&ftL^ 

30 p«i«a»7a>4r*yTji**+»»<tt-c?#-r* * 
fcLPEafe*fflu^a«>a^3ieafiS*t?iinai i n pi 

A»ft»tto>u— »f*js-tt. s«ttcfc<<t«-r 

* - £ 35<-t? # ft I* <t I* 5 FpIM^ O f= o 
[0 0 3 7] *fc % a5 7l^ftt*0)nSS«$ffl^ 

Jf 2 4 4£ pi I n PtS^P'^124 5*<Oft*<o 

I244^bpil nPliS^P^^l245^LT 
40 nil n P*5* Kg 2 4 2 ^« < |Rja«3S«S|2 5 5 

jW&ja**iSo ;5ttB2 4 3^5S^L-rca>^aim; , RS£S 

2 5 5*3E*l£«»Eftl* % gtti«a)^fP»^T?<Df 

;n--07K-T->*>-v;u35<atai«3fEeB2 5 5*<z>^a 
*<©e;u h-r >*x>*>^;u«fcy/h*i^fc«>, ffidiA-e 

1f*Bttr*»*l*B«±«*IS £SKl*ftLV&<* 
Kdl*T?»^*l±4ift*lcteLxTli*#ftBSi:ft4. 
Z<Dtt5fe^J-C(i. HIS SlCTF-Tcfc^lC. pil nPfffi 
^7^124 5l*iStta 2 4 3 ©figcfc y tiBl^ttl 

s-c^Fffljca^^+LTfcy. -haa>i*as3fEe»2 s 

50 5(D«ta*S<-r4fcA0)X*(ift**tri^ftL^fctf). 



(9) 4#BSTO6-291416 



[0 0 3 8] C0)»MI4±IEa>cfe5ftWIHjSS»>B-r* 
[0 0 3 9] Sfc. 'J— 2«9itfi<d>ttl\ 

[0040] ca>*wi** MMasto^fttv s. 10 
[0041] &tz. zoftujut. $£&mm<D*km£-fc 

[0 0 4 2] *fc % C(0*Wi % 0x/\pfc3T?CDifftt^^l 
-tt*<S*U froWRttcfc ft»fcS5fcB* 

[0 0 4 3] *fc % C<D«HI*. fi 

*ifcitt6**-r*. nisssffli^ia^fpso)* 

[0 0 4 4] 

B^^KB. SttB. MS2?1S^7^ KM** 
t?y^;U^-rP«agi:. a^^f P«it£-*-9-X h 

fcanviBa&B. «2SnaM?p*^i, aoc 

[0 0 4 5] */c. ^(D*M(c«*i»iSH*:U— ifOSit 
*5ili. SB 1 »SB¥*{*S«±fc#:?;u^p«ii£ 
MOLL* K^^^Pfltig^tJ-X h^-f ^»«(cx 40 

^p**BM**&^*8**WALT±IB*1J-X h^>f 
:to_t£fl £ ±EK 2 ««£(«3E ? P *v * B t &m% «(= 

y. $t>ic. COTiBWAS, ±5H^^U^ J fP8l 
X h^^tt(cx^>^s|»a>x*/^> 



[0 0 4 6] *fc % CO»W(C«*¥flM*U— Ifl*. X 

^JSftnKftLT^SHfcy^U^Pfllatt. 

*u ±Gff2««B¥«1*JIAtfSttJI«K9LrHlt 

6*U J:K*:^U'^P«ffl£±lEX h7Y^iiS 

^-T^ttSt. S2*0)Xh7-fmirti:lMSS 

IE»2W«B*SW*»A<±lB«a^P^^«aa>-»* 

[0 0 4 7] C0)*M(=«*##f*U— if0>»5t 

&tfat2«SB0)«ia)iNi(»J|«M3kttAjft*L. y 
^U^T-P«»*^rtLfc«. **i-e*t. -hfH^lCD^ 
«i*B;&tf»ttB£Jtau -tlBy^b^PfltaSx 

ffiS(c s Fff<P2fta>x h^-r^«ai*^riEL. ck&sl 
±ihx h^-r ^«o)««a)±ffi*»< ^xy\^®(cm 1 

-< ^«a>««a>±BBS*t?'5x/\±ffl(cai 2»«sia>!B 

[0 0 4 8] tftDSat 
«*s®a>®*{a*< (loo) ffirfc'ssBiW 

1<D^»»B, Atmi*«B«>ff2 0¥*ifrB*nk 
ISfi*ftLfe», ±ES2(D*»«;i$aiL, ±IB* 

1 a>¥sn*B<z>sffi*8M-r<& <o/i/d bianco 

tf4xh7^?«0)»ia)»SML, c<d&. -tie* 
1 oaaimffic:* ±eai 1 <D*»{*B&tfsi*B*jt 

IL c*te>SBia>*aM»BXtf5SttB*Xh^-f^«- 
o>fi«^*a>iaB«a>fi«(c#«i-r*. (0/1/1) * 

rfil(C(D^^2ft(DX h7-fmi^ML, Cl<7>&. ± 
J»U £t>(c. ±KX h^-f ^Ra>««_t. ±fES£3 0> 

##<*B-b, at;±iB»2o>i|tsw*B±i3jB2ai«a<D 

»4(D*»tt:B*^«-r*«fcd(=Lfc*<D-efe-6o 
[0 0 4 9] C<D*WlC«*i£»f*U— Ifl*. ai 

1 *iaifi±l:|l 1 *H9 5 7 KI, Sttl, St/ 

'J r/X hv^^ttfl>y^u^T-P«Jt^. 
R^^u^^PWaOr^fflJ^ffiSSJztcSy^U^^ 
P«jgl=JgLTIBE£;ftf:=. *<D8ffirt<¥iB&SS2S« 
B«a^P^^Bi:S«*fc*a>-C**. 
[0050] CMni:tK«¥*«[/- »f<Z>fia*5£ 
I*. 1100] ■ *±BB£T6*l»«fi¥*IMttt«± 

i=. sttis*t4«m«s {111} e®<t {1 o 



(10) 



♦#13^06-291416 



o] mvm^Mz <o 1 1 > ?3fa<Dmmizwft<D>) -y 

h =? -i ^JK«<7)fl6ls^tsa)i5gfii|ros«ji(=^ 2 mwm<r> 
*m#-®& 1100} Slc^ftlc^o^ilic^^^J: 

Hie < o 1 1 > ^(S]©x K5>f «PS^tSIfi« 
<fc y JfcfiTf -s «fc 5 d L tz i, O T* & -s „ 

[005 1] Sfc. C(7>#§8J|c«&#^<*U-+F<D§!ijt 10 

*MM*Ji*ttaia*Lfcfc. g^LT-tfEl nPl±l: 

T±IE I n PjfS®£gtH ^ I n pisss 

fli-f •& cfc 5 IC L f= <T> X fe €> . 
[00 5 2] C<7)f|B^(z«^i*i^tt:U— y=|±. 5S 

ttistt^^ h^-f ^o>ffi®spic^fie^*tfc (1 1 

1) Bit Lta^tiSgiSSfltS plfiMft 20 
[0 0 5 3] C0)f|B^|r^^i|i^<*U— tfOJgiit 

*h^*zttemztfi.r>zicttz*m#-&mmm%i> 

tMOCVDSSfflUt (111) Bffi£±fEXh ; 5'f 

n-^jzfmmztetfizixz (111) Bit^txh 
&mx-(»fr. ±t^pmm^*^gi*.m±^znmm2*mte 30 

H JjES-T -5 £ 3 ic L tz t, <z> 1? fe ^ o 

[0 0 5 4] *f=. CC0f§BJ|C^^^<*U— tfli. n 

izi&r*£titz. ys\±ms.ifm^ma>Tmis.if±m(zsi 
s*iit:niMpi^7'v Kji£#fe¥«M**jiiR 
t. h^-f ■fommmzi&i&zHtz. ±tz*m 
i*zmm(r>mmmizm-&pi&tf ihd Bitu 

g£=h£igiIlffi*<±!E^tt#Jllgi<7>SJI®.h fcrr£§jg 

rofflijBroesiz*-r^pS*^»aA^n*{«^fct, 40 

[0 0 5 5] Sfc. C0>f£B^|c&£#agi*U— -tfa>§Si£ 
S^<4A< (001) fc£lM* (001) jfi^T- 

^Si§L. c©iMM*amB* <1 1 0> *(S]|c;tt 

T, (1 1 1 ) B®£_tfEX h7-f^J:aSS|Jffli)S(c^- 
I. ±fE¥#tt£Jfl&roiiJiBlc*h*-.i>SlS*< (1 1 

1) BmtLTmztizmM,mtf±&*&i*2>i§mo>m 50 



I®t! , j:tftg<»:yt*f<Ao90' KiTT? 

[0 0 5 6] &tz. C<D&BJ|c«-|>#ig{*U— +fli. * 
MZtitz. jSttJI&tfiaSteJiOTffl&ULtffliJlrlEg;* 

zf&mth&ti&^izte&rfL&ztitzmsb&frmt. 

jt+)-X h^-f^WJH.tJifEaiftix^ir^lciSS* 
*ifcJLfESttii<?»Jta> U 4.4SltSfi&a 

[0 0 5 7] CC0f|BJ(Z«^#^«:U— tfCDSit 

bksu cti^-y-x h^-<zrtemztfLWt^tz'ik. ±fs 

ffiSfiE*@-hl-±fEy-9-x h^-f &olz* 
m&® £ SSSjfcR-f -S <fc -5 lc L fc t tf> T? fe -5 . 
[0 0 5 8] C(7)fl^(r^^,i<i^tt:u— tfOTSig 
I n PS«±|C I n G a A s PJSttSSl/ISS 
ttJKDTfflSt/JiffiiJiriEg^ttfc I n P^^>> Kg^^ 

«(=^Lfc^. 7t^X7^> (PH3 ) i:T;u->> (A 

sH3 ) TJV'>><r>mmtt&?&&i§£i$.g:?z>m& 
ss*-r#jSL, com. ifE^-y-x h^-r ^"^a^ 

[O 0 5 9] 

»i:*2««a!«at^a^^jit*«««ic»i»-r*^ 
[0060] *fc % ca>*ma>¥**u— tfa>ss*5i 

MC*l*19i2l, K2*«S«SK^a^9JI. 

±T?#£o *t>ic % C(7>^afe(0^A^. ±IB^^;u^ 
o-e. ^«*»A«*o>»j«*ea(=B«»clTtt5- 



(11) 



<t#F*W06-291416 



[00 6 1] Sf-, ^G)%W<r>*m#-l'— yiCfcl^T 

sex h^4zfvto)<&&ti:<»m'M<»mm\~ftm-t&.. n 

[0 0 6 2] &tz. C0>#gB.fl0>*=©<*U— ^COlSjt^i 

i=&lvci±. m 1 mnm*mi*&tii±iz<ptj:< t tstt 

JB. &t/Sg2 jgSSaom 1 AAA 
L. y^u^7-p«|Jtt»fl8Lfc«. ±aSft 

ii£x h^-f '^*<7)«i«i:-ea>ilffl!j©«iai=»Sfr'5«fc 
5(=. tt£l=¥fr*2*0>X h7*?*3l*»l«U - 20 
tf>&, ±EX h7-f ^©««©±ISI»< ^i/\±S 

mmmnm 2. o^mo-m 2 tef£L. ?bi=. -tta 
saigss<o*si*jsi4Bcoias-c<D±fE2^a>x k^i-?" 

L Tflfg-T £ c t *<t? # a„ 

[00 6 3] C(7>^(7)i#.^U— tf<D^ji*;± 
Kfcl^Tli. fiKfiaiBa>®*-iaA< {1 OO) ffiUfc-Slfi 
1««S#*{***Ltl=*ft<i:*.S1ili. I2ifl 30 

©nroff»;i, so:mi^msrom2CD^tt:B^ 
issg 1 o>*m&m<r>&Mzmm,Tz> < 0/1/1 > ^iai 

KOtfSX h^^tKOSg 1 om&f&fS.L. col -h 

lex 1 omnmismz. ±tm 1 ©#ag#)i;&tf;ti4Ji 

£SiSU c^tf,mi 0>¥£H*Ji;&t/;St£lI£x h^-f 
^ttro^Ht<t-E-roi^ffl(7>fii|ltlc^g(tf -5. <0/1/ 
1) JjfaiZ(»lfZzm<»X\~ : 7'<-7#.in$:tel&L. C<D 

±ib 2 ^a^trm 1 mnmom 3 ro^gn* 

®£ffiU£U ±EX h7-f^ttfl)«ii±. ±ffi 40 

m3<D##«is±, s.zf±tim2o>*mi*m±izm2m 

•?m5itigS&(0l®li;SttB<7)fiST'O±IE2lfe<0X h^-f 
[0 0 6 4] CO>^(0#^«:u— tflcfcUT 

1*, ft 1 mmm&&±izm 1 agss!? ^ •> kb. sit 

)i. &tffi2«a99 7? KASMftttAlftALTlKlft 
2frtz*<ommtf*<»i£ffi±lzfa&f&&tf±ctj:i\$E<i£ 



m 2 mmmmxt ?a o m t ^m^tzmt&t * . 

[0 0 6 5] C(7>f§B^<©##t*:U— tF(»SSig*-;4 
(rfctvTli. {1 OO) S^±®i:-r^|gl^a^^ 

f**«-hi=. %\±!8£mT&mmmt$i£ nni b® 

<t {10 0} ®T?H*Hfc <0 1 1 > ^ISk&StS^JM^ 

'J vXh^'f ^«<7>IEW)^«)i^fflOS«Ji(cm 2 
$fS©*S»:IJ {100} mzWfrlzfr-D^iBlzte- 
J«-r^)<fc5lcUfccDl?, m2a£m£?a>#^#B£;Sf4B 

?/'5xteA<^(cft]fip-t'5ci:A<-e£-S 0 ££1::. -hfB 

*6is««*. (on) ^[Sj(7)x h^-r^ 

l!fln£^ag«/£fiffl^x*£i$itfc:|*!g-c?. in 
nm^mfrm. f&tm. $.ifm2mmm*mi*m$:\m#. 

^»«fi-r-Sc:i:lc<feyJKj|!t-r-5J;5l-Lfc«)r% 2(5) 

[0 0 6 6] ftfc, C(7)S§B^(Di#.^«:U— +F(OISjt*;i 
KfclvClt. ?:?;U^P«jI£tgj£T-5¥^#B<7>*§ 

[0 0 6 7] C0>$£B/}a>###L>— +F|Cfc^T 

(11D Bmt Lxmzti&ife&mzm-?* P i*? 
e. . sttBfflaso) n m*mi*®tf7£i±m±&o> n 

[0 0 6 8] Z(»nBM0)*mtt-O— tfrogJit^jS 

sitt «»; < /jx * < Mfi-r ^> - <t *< RifiET- $. y a»^^tta> 

[0 0 6 9] C©f6B^0)i|£^«:U— tf(r^3L^T 
I*. nl!^3?i*S«±(=IIII?fejSSJSS*ih.y-9-X h^-r 



(12) ^¥06-291416 



a>«BBic*rrsftSj6< (111) B®<tLra£*i£ 
«pH*»*«»a*Jia>y-9-«iBa>rii36«#*(= 

[0 0 7 0] *fc. ca>«M<D#Wtt:U— tf(D«ai*a 

icfiivci** (ooi) fcsiM* (ooi) ifi 

enkttMjtu z.o>*m**m&* o 1 o> *m 
t\ (11D bb*±ibx h^^±tt«MijB(c* 

U ±E*»(*#lil«a)«JiiBC=»"r*ftflE3&< (1 1 
ISi: fc-Tflficfc y <i)O9 0 4 ifilTtf fc-6«a 

ft<. a»ft»tt**-r*, ng*«*m*fc«*>&* 

[007 1] *f=. C<D*M<0#Wi*L/— tPlCiSL^T 
EBSshfc*^* KB*#fe¥»f**B«i:* 

(cEK**ifc±iHa«>ii^jia>*safifc*;Sft«fc y tiffin 

[0 0 7 2] *fc % C<D*flB0)**|*U— ff©tt»*flfe 

icisixxr*. ¥i«xc±(:8ttistfikSttia)Ti 
&tf±«cEE**ifc*^ Kfl**ttf&*{*MM* 

y*i«^a«aj*-e»i^«ajaftH*^t. co>^, 
rc<feystt»o>«iaia>»*ftA<«iit&*i. m^HKo 

[0 0 7 3] *fc* ^CO*0^(Cfi6^#^(*L/— tfOSlai 
*J*I*. I n P»«±|C I n G a A s PJSttB&tfRjS 

ttJ§0T«atf±«f=E«a?*ifc inP»*;KBS* 



tt(CJiM£Lfc»* *X7-f > (PH3 ) t7;i/V> (A 

sH3 ) r;u-»o>«t»it*sttJB*rt*-r*»fi- 
fi**-e»su ±is>-*x h^>r 

^Xh7-f ^WJ® (c^tU L fcSteBAtf * 5 
^ K«a>J»*ft36<jqiiLt)*L. fflA^BO>lSatt(D«*L 
fc. fflMB1±0>XlV «»a*^^PHO*»*U— If* 

10 [0 0 7 4] 

[Ute^j] uste^j 1. bi \**mxo>m 1 <DStH6«ir«fe 

42MH*U— •f<D«g£^fBT?ifcy* Birfcl^T. 1 

lipilnPSffi-e&^o pSl nPT*77KB2li 
»«1 -t(=EK**t. 7> K— ^ I n G a A s P3ttB 
3I±T^^ KB2_t(CE«S*U nilnPlU^ 

7*;KB4liiStti3±i:Et**i* 0 T^7^K1 

2. Stt«3. ft1 -t*5* KB4T?«U***L*5r^|, 
^ T- P fltS l*X •> 5^ > VIZ <fc y Jfc/£ * ftfc 2 ^<7>^ V * 

;u3t(c<fey *-*x K^ ^flMKicfiM2*ftTi^* 0 P §/ 

20 InPliil5 ( nilnP^P7^i6, &tfpSl 

o5f^u^7 L o«it*aAa4;«fe3(ci«3RES**Lr^ 

*fc1 3l*pSSSSE^P^^Ji7*ffi«Ax&«A* 
5Kfcpffl«Mfc(=«fcy»J***U h^-f 

±»£_tiB n s!«a^p yZBst 5 cub 

a**LfcpS3Ftt«lWA««-efe-&o nil nP!2^7 

5* KB8I**1±*5* KB4_t, Atfpa?NM 

HS9ltS2±^77 Kl8±l:Et^ 0 10li;f 
30 ttB3r=»J6t-4»»l3BBP36<»lt&ftfc|ft|»i|-e* 
y. n«»«1 2I*|6»IK1 0 0)BaP»lCi3LXTa>* 

* hB9(c»-r*«fe5lc|6»Ml 0_blciS(fibttSo * 

fcp^jm^i i(*^^ia®(ciS(t^^So b 

2, &tfB3(*Bl 0>¥SM*u— tP(DS5txS*^"r»r 

BB-efcy* Bicfc^r. b 1 tm— &^\tm— xi**i 
[0075] b 1 (D^mitis— -wu^mzm 

2, atfH3i:»otK«t4. *-T. 0 2(a) ic^iT 
«t5(C. pll nPSffi1±[C, eij^lfMOCVDiilC 
40 .fctj. 112 ^ mig(DpI I nP^77Ki2, if 
0. 1-0. 2//miJS<D7>K-"^I nGaAsPiS 
ttB3..BV0. 7jUmSS(DnII nP^77^Kl4 

[0 0 7 6] *(C^5^ KB4_hlC % j»CVD*fcli? 

^cvbacctys i 02 R, X(*S i NX R« 
<D. ^+ hl/vX KJrJtKLTMtts&titBftlMH* 

*fe*ilgi£/\ 0 $-->^U 02(b) {c^i-ct:5ft*S2- 

3/imgS(D (01 1> ^IS]C0X h^-f^COVX^/^ 
50 * — >1 5^n|I nP^7^>y Kl4±l:Mt-6 0 



(13) WBB2F06-291416 



[0 0 7 7] CCDgL Br>^-;Hl^f>^;M 

mi^x. ni2(c) ic^-r^dicvx^/^^— > 1 smm 
(01 D *iar=x h^>r ^*<»jjt**trfcy. *fcs 

ft^S^ftfio S i 02 , S i NX 

[0 0 7 8] HI 3 (a) lc^"TJ:5(C. 7X^1 

5, nl* I n P?Py*l6, p S! I n P ^?B 7 

SLPEjaE*i:j:yi«ia*jtt«. ^©ia«ft-e 

l*i(::ISAri»*<±i;« a ftfc. *tTA h^>f zf<D±tm^ 20 

y . mmmmom&fmmitm < ft y . *a>fiK* 

ItMnii nP?P-^|6$SHLfcBi:, 

o, 05 1 x*%LWLtz*BLmmtm£Vimtt£z>* 

[0 0 7 9] *^JSS^jT?ri. LPESlZj:4iartfta) 

ft. 03(b) ic^-r^aic. ««Bt-7x^*ti sswft 

fc**J»ttttO>^5S(=cfcy ^Xy\|CZ n*0)pa?tHk 30 

Tit* ->x/\affic=^tt*tt»a4:ft-BJi*»rtlLrc 
WWW 6 Ox/N^lcffiSS £frft 5 ftHttfka>«& 

[0080] 7X^tt1 5*|»*Lfcf£* LPE 

atiL<itMocvDa*i:«fc9, E3(c) ic^-r £5 40 

l=. pil nPl2±^77K!8, &tfn«^— 
£WS£fl£fiM"Sfctf><Dn£! 1 nGaAsP=3>$^ h 

B9*m*isaja*-r4o ca>x«-ef*HB*ic5fea>x« 

tttt. Sttficrx— ;n=j;4^tt«ia>«ttMftSttft*< 
J: 5l=E«*ftfc^tMfcWA«* 1 
[008 1 ] C0>ffc. L/— 1f*^±{***-frX«y^>y 

t^is, »r/««^fitxa»*»ria 1 ic^-r#3ii* 50 



[0 0 8 2] c<D<fcdft*S8J6«a>#aH*U— 1f(D«5t 
&JftJM|[=J:yfltt&^£&« ^P^^JB6(D5feSIB»i: 

Pffl&B5<DB»*»< Lfcii^lc^. ?p^|6(D 

WttO>«*tfc*S»#U— »fS#Hy«fc<# 

[00 8 3] ftfc\ ±ffi*J6«^I4^tt«a»Axa(=r 
Zn«0)pB?tm«lttftjU:J:y9ALfe^ <<* 

[0 0 8 4] *fc±IB»J6«-CI*pffl^tt»**A"r* 
tO>|COlxTH«L*:*<. pS^tt«l<Dft*?y(C. I n 

[00 8 5] *fc % _tIHHffi^J-eii>^-x^T>^^-r 
^0)7X^<I: ITS i 02 R. XliS i Nx 

Sfiig, ^*fc«»Axa*(z«i>r«jaLfti^ti<o-c 
[0086] *fc % ±&^mmxi*L- p Easfflixri 

»|:?p^|6 <D5fciSa5 <h * * A h ^ -< 
M?«fr£3fri*Hia£ft&ftivDi? % «6*. 3fp*$ 

C V DS*Mt* C 1 1 RlfttftSo MOCVD;^ 
»afift«ftlcafflLfc»&, pll nPlM50l 

B * cfc y *Bfifi < «»-r £ c £ *>< pi^r* « o 
[0087] nmm 2.04 i***wo>m 2 conss^jic 

<fc**»f*L/— ^^ti-C^^o *tc. 0 5 fig] 4 (C 

u— »f cosig7j;i ^^^ff®xan-c&^, 0 

0{3fclNT. 2 1lipIInPSffi-Cfc§ 0 p^InP 
T*5«y KB 2 2(iS«2 l±l=e«S*i* 0 2 3 ali 
I nGaAsPMl, 2 4 a|* nl I n Pf 1 ±^7 
^ KB. 24blinSi nPHl±^7^KIA<S<:J: 

y»ii*4i»a**ifcna 1 nPS3s;?p^BT?fc 

£0 pll nP^P7^l2 5linII nPi1±^77 

v KB. &t/7> K— ^ I n G a A s P;S1£B£#86-f 
Satrt&tXnB I n Pta?P tt ;^i2 4 b-bdESS 
*U n S I n P jg 2± ^ 7 Ki 2 6 »« 1 ± ^ 7 ^ K 
!24a±MpI I n PHiTS^P »^I2 5±CEg 
S*U nil nGaAsP3>^^h!27lil2±^ 
7f Ki2 6±lCEi*H5, 2 8l*5SttB2 3 a 

B^*»»(=BaP3&<Kit&*Lfc««R-cfty. n««« 

3 Oitmmmz 8CD^Dai|CfclNT=i>^^ hl2 7lr 
Jg^-^>cfc5(C|fe^R2 8_t(ClS{t»btU^)o *fcpfflOB« 



(14) 



<f$gfW06-291416 



2 9I*&«2 1 SSlCiSltb^t^o 

[0088] *icfi»xa(=oixr»wr*o *-r. la 

5 (a) (c^-f £5!::. piln P^«2 1 ±(C. n £! I 
nPT^7^K|22, InGaAsP5Stti23, n 

l=»1±*9* Ki2 4±CS i nH3 1 *BB*»«-r 

So 

[00 8 9] ;*(c. ¥SSJK<tX^>^©Sffi£JiBL* 
T. S i NBI3 1 £ <0/ 1 1 > *^{C^ff|C@£g^4x 

LfcflL Cti^i: LT0 2 (b) {c^-Tctaic. ;f 
ttB2 3£M<X-/*>^£j6-r o InPj (0/1 

B r p« JU^X-/^-V> h£ 

[0 0 9 0] S i N|g3 1 £**©X h^-T ^» 

L. H 5(c) ir^-Tcfc 5 pSinPi 

[009 1 ] 05(d) (Ctf-T^^IC. X h^-r ^ 20 

i NI3 1 SBSL, iMnil nP|2±^7 
7^KB2 6T?IAa^ *&l=JS2_t*5* KB 2 6 
±iZ nM InGaAsP3>^hl27 £*BfcLT<S 

[0 0 9 2] C©&. U— «f***(**>*X^^>y 

■*-*x«. atf«a»fitxa»*«rH4<=^*ii»f*: 

[0 0 9 3] 0 91*. *SJ6«(C*5l+5#«©^£*ift 

»**H-xr**is»»-e*-6o 30 

[0094] ;flil2 3 0)IIt1 ^O. 13/lm, n 
Ita^P^^B2 4bO)IIt2$0. 5jim, p gJ 
ta^P^^ltOIlt3 *0. 5 fimt LtzWi£. 
tti©**««2 3aO)Bw1 * 2 (imttifcft^ 
nil nPl1l^7'V KB 2 4 a ©_t3g©(gw2 % HP 
48 5(b) Olil:fel+4S i NR3 1 a)**(DX h7 

w2 =w1 -2 (t 1 +t2 ) (tan 01)-" 

w2i*i. i /imttt*. *fc. u— >«s«i*a>«-e 40 

£>S;St£B2 3 a £ 2 3 b £<Dm<nm&yN4 I*. 
w4 = w3 + 2 ( t 1 + t 2 ) (tan 9 2 ) 

T?^b^c ffiot, ng^^P -/^B2 4 b©± 
ttffi£& 1±^7^KB24a 0>±«ff ^(DRKDSIBw 

3 . EP*>. HI 5 (b) ©XfllCfclfSS i Nfll3 1 (OX K 

*(c|* % y— *«at«K©«l*o. 
[0 0 9 5] C ©J: 3 If© 

■Jt*3*T?f*. lffi21±|:piInPl22, SftB 

2 3, SI/ nil n P 2 4 B U 50 



ttB2 3^siiu. ±iay^u^T-pt«jitx h^-r:? 

«©«« £ «on«a>«Wllc«MB-r **HI=Tfra 2 ft 
©X h7-f ^Rj**»l*U C©&. _tfBXh^*<^# 

©««©±ffi*i»< ^i/Niacpii npaa?p^ 
^B2 5*^*LT±jH2ft<z>x h^-f ^Rj»*aa&a 

Aiffll^nSl nPl*^jat«cfe7lCLfe^b, U — 

*«SE«»a>«i*;SttB2 3 0>fiB-ea)x^^>^3MB 
y. «»tt*jmia«H=«i±-r«ct3ft<-c* 

So 

[0 0 9 6] *fc % U— ^«at«»i*«2ft<09|l4. 
©<fc ? lex ^ >^tti:J: y S^«fi^ttA<i$»*a 

£So 

[ o o 9 7 ] nsfe^j 3. me i***bi©» 3 ©satflic: 
cfcs^stfru— if^-rEi-efcSo 0 7, a tfH 

8 [*0 6 \zm-**¥m» u— »f ©Sit*;* S^tiixg 

0-C?fcSo 0(C^LNT. 4 1 lipll n PM^fe^o 
pfil nPT^7'^ KB 4 2(±S«2 1 _h(Ci£g^tL 
So 4 3 a (*T> K — Zf I n G a A s P;£f£B. 4 4a 
I*5SttB4 3_t(CiBg^^tfcnII nP«1±^7^ K 
B. 44blinll nPil±^77hWgCot^ 
gS**L^J**ttfcnII n P^SS^P^^B-CfeSo 4 
5lJlnGaAsPl7f>yXhy/l^ 4 6(*X-/ 
^>^X h^Al4 5±(C|Eg^ttfcpH n PlS^ 
□ y^BTrfcSo piInPiM47(iniInPi 
1±>77KI, 7>K-?InGaAsPSItiS» 
WTSairtlcraStU niInP«2±^7VKl4 
8 1*111^7^^4 4 31, P iInPM4 7 
_t. Mpl i n pm;7fE^a^^Jl4 6_bfc@Sg£;fu 

nil nGaAsP=3>£^ hl49lig2±^77 K 
14 8_b|C|BS^HSo 5 0(*;SttB4 3 alZ^JS^S 
»»l=BBP*<»lt&ttfc««BlT?fty. nM«5 2lt 

tt«B5 0©BSP»U:S3lvC3>*$ Ki4 9lcSt§ 
cfc5(=lft«K5 0_b(cKlt6*L* o *fc P «J««5ll* 
S«4 1 5®(ciSltt>ttSo 

[0 0 9 8] *(c*HJ6^J(cj;S^ftU— If ©Sit* 
5**07, atfH8i:»orBiBt*. 07(a) 
C^tJ;7i:, pil n PSffi4 1±C S nilnPT 
^7^KI42, I n G a A s PiSttB 4 3 . n i I n 
Pl1±^77Kl44, InGaAs Pl'Vf>^X 

h^/\°B4 5, Mpil nPljJf t i^P^^l4 6^J 
^(*MOCVD;*IZcfcyiH^$eSl«fiL. JbCpIl 
n PliS?n^^B4 6±lCS i Ni5 3Si«t« 0 

[0 0 9 9] S i ^SSJKtx^^ 

^©ttflS^m^c <o/i/D *[p|ic0^xh7 



(15) 
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-><f£*ltzS i N^5 3?7X^i: It, 137(b) \Z 

^-r^o i n <o/i/i > yj^wzcois^mn^m 

— >£^*<7 t LtB r > JU^X-/?^ 
> h-¥>«E»*X^^v> hSffll^TX^V^Sfrofc: 

[0100] ;^ic. H7 (c) ci^-f <*:5ic. ^iAi® 

ICS i Nil54a£f&/$U ££>ICS i N^54aJz|C 
[0 10 1]*!:, 07(d) (c^-T cfc 5 (c. ±IES3fex 

4aSl7f>yBit5. S i Ni54a0) 

3v KB4 4*<BUrr*IBPa>IBI*. IttBSpSSat^a 

[0 10 2] 8 (a) (C^-Tcfcai^ S i Ni5 

4a$7X^CLt, »«»HH^&3tt»4 3*-e£ 20 

H^^^ttBanfi <o/i /i > -jsm^o>Tfxny + m 

7(b) -eOl-yf^iatHfll, Br^;-JHl 
h«SH»XVft> hSffll^TX^V^S 
ffofciM\ x^^vy^ttriEKc^-rcfe^jc^jRi: 

[0103] 2fc(c % 0 8 (b) (C^"T £ 5 (3. 18(a) <T> 
xa-e^nt**Lfc2ftO)3|lC % S i N|5 4a£ljRA 
*(DVX^i Lti^tMOCVD;Ji(/)gMIlCcfc 
U pBi n 7 &miRtiL&-f 30 

[0 10 4] 3fc(C. S i Ni54aStf53*RSU: 
«L 08(C) Ox/\±(*|CnII nPl 

2±*7^KI4 8, WnSlnGaAsPa>M 

h!49 

[0 10 5] C0>fft. L>— >fmi-±te**V-^V=?lsf 

t^xi, Al/S«^xg^^igT0 6lc^-r#«(* 

[0106] 0ioii, *mmm^tei+z>&&(D^& : $: 

-#W*B-XI*«B»»'C**. 40 

[0 1 0 7] S1±B4 3G>HJ* t4 £0. 13/im, n 
S*3lt^a»v^H4 4 btDHJSt 5S0. 5/lm, X-/ 
f>^Xh^/^B450Ht6 SO. 0 5 /im, pi 
«Sft?P**Jia>Jil»t 7 $0. Lfc»*. 5S 

tt«a>**«tt4 3aO>tBw5 ZlUrntTt&tztbO. 
niInPH±^7^Kl44 a <D±iffi<D^v*6 it. 
w6 =w5 + 2 ■•( t 4 + t 5 ) (tan 6 2 ) -i 
■e#^t>tL^o C:t\ 02 1*5 4. 7° Xfo&OT*. 
w6 1*2. 9/imi:^ 0 pi I n Pgyft^P ^<?Jl4 
6a>±SSM0)aEKw7 s BP*>. 07(b) (DXfilcfcltS 50 



S i NR5 3<DMP(B(±* «BS^a>»1±^^^ KM 4 
4 aCD±ig(Z>*£w6 &9Lf**LtfJ:L*0>~C« S i Ni5 
3(DBBP«*2. 9/imi:t*l«J:^ niBiffi 
^P*^l44 b(0±M<hB 1_h^^^ Kl44a(D 
±tt»£<DM<D86«w8 . HP*>. 07(d) OXigdfclt 

i NfH5 4 a<DP?aPtSli> 
w8 = t 7 (tan 0 2 ) 

-Q^7Lt>*l. 0. 3 Stz. U— 57«3fE« 

»a>«t?fe*Stt»4 3 a £ 4 3 b <ba>ra<Z>2gHEw9 
I*. 

w9 =w8 +2 ( t 4 + t 5 ) (tan 62 ) 
1. 2 

[01 o8] z<D£.?iz*mmmiz&z>^mt*i'— -*fo 

^4£4 UllZp^I nP!42, ;£t±J!4 3, n|l n 
PJ14 4. &r/pSl nPl4 6$IB*8ifi»Lfc 

pil nPl46^1IL, ±IHn^I n PJl44 
(D^M^mM.'t & <0/1/1> M(C^Xh7^ 

^«a>ai*«*jau is«(Diasia»(c. ±8Bni 

I nPl4 4M;Sttl4 3^1IL > CtL^SXh^ 

1 > *fii(c<Dtf*2fta>x h^-r^«»*^fiRL. ccd 

-tfB2^(DSSll^t;pi I nPl4 7^M 
U ££C=. ±ffix K^>T ^«(D««± f ±EpHl n 
PI47±, »tf±Bpi I n Pl4 6 -tlC nil I n P 
l4 8^Mtl)c):7iat-^b, 'J— *«3&ett<0« 

i*SttJl 4 3 GDtegT?a>x -/ ^ >?3Hsa>^-e»s y % 

[0 10 9]*fc, U— ^«3l[JS»^:fe-S2ft<Dair*. 
pil nPl4 7 0>^-e**|CfflAat;«*t LtL^ 

ctaicx^ Tis?r*mz & y sa**^«*<iB«sait 
r. y— ^«sfE»»G>«M*e>o< i:^ofc3F»^r** 
is-r. *i*y— £ c:<t 

[0 1 1 O] ££>lc. **Jfe«|Tf(4. ^X*<D/<* — - 
[0111] *MkMCJ:«¥«»U-' tf<D«» 

*flfc-t?M\ pSlnPiM47SpiInP^P^ 

14 etmzmm-t^tzisb. P siai4 7(o^u7 
ass pi^p y^i4 6o>^r-v y nfid; y t« < -r 
**LrH«tst-r*c.i:iCcfcy. y— *«S[**y« 

[0 112] HSS0IJ4. 0 1 1 l±*SIB^(Dm4(Z>IIS60IJ 
(Cck*^»i*L/-1f(D«3t**"r0-C*y. 0(=*5^ 
T. 6 1lipiInPSffi-C^o piInPK7'V 

KJB6 2(*^ffi6 1 _t[Cia®£*U T> K— ^1 n G a 
A s P;§t£Jf 6 3(*T^7 ~f V KJS 6 2_h(C|Eg^ti. n 



(16) 



M I n P|1±^7'V KJB6 4f*5Stt«6 3±[rEBS 
*L> nil nPl66 itW 1 -t^ ^ »y KB 6 4-tlCEg 
**L*o ^:nil n Pl3t?P ^{7l6 5l*Sfi 1 ± 

pSI nPia?P^^i6 7linIia^P 
*^B6 5±|C|Eg*+t. nSlnP|2±^77Kl 
6 8(ipS^;l?ft^P ^^7jf6 7±S(/nS I nP§66 
±{CE[1£*U nS I n Ga A s P=l>£^ h@6 9 (£ 
«2±^7^KI6 8±|CES**L-S 0 7 0[*;§ttJ§6 

«ijm®7 2i*ie»K7 o<Dmnmz&i^T^>*<7 kb 

[0113]Bl2liHH Cl^^te (7>Si^ 
I8M1 2i:»oTKWt*. *"*\ 812(a) (cjf 

<Tcfc5l^ (100) iSt«piI nPSi6 1± 
(C <0 1 1 > ^fS]|C^j3. 5 U mCDX K ^ -f ^tgCDflgP 
»7 4 S i02*^bft-6a««ftffl7X^7 

[0 114] 2fc|= % Bl2(b) IC^-TJ;-5(C. MOCV 
DSrcJ:U« piInP/b77l62S»*1//m l 
InGaAsP;Sttl63SHJO. 1/im, n Ml n 

psu^77hi64^o. 5 n m«H*ja*-r 
& Q (on) *rs](cx h^-f ^tt(ciiap»**"r-sa 
«±irMocvDafCcfcyttftrt«*ff3»^ **a> 
jtffic#or {111} BB*<ajatSo 

[0115] ;*lc. IWIfflTX^ 7 3 £Rfc£ Lfcfc 
(C % 2[5]g(7)MOCVD/ig^|Cj;tJ % B1 2(c) XZTfCf 
*5lC % nil nPBSpSl nP/^7ri62iH 

i:n*i/imfiit«fit4o z:t? H 11] Bffiizj* 
j*«*<fic*fci**=tf>,; 1_t<b3Sl KB 

6 4±|ceftrt*A<it^. nSlnPW?P^B6 
5, MnUl nPi6 6**«*ilS 0 nS 
I n PI6 6liiS£ 1 ^mOEft^irWo 

[0116] Mt^r* MocvDiiCcfc y . h 1 2 (d) 

(C^-TcfcaiC. pSl nP?P7^i67S»*0. 5 
/Urn. n^I n P3&2±^-/ KB 6 8j)|^2/imfj)t 
SL, *bl:nlInGaAsPl>^^hl69^ 

IS. MllMx8«£Ktl1 llc^ifti, 
[01171B1 3tt«XttMlcj3lt«aAttfti»tt« 

Kw#-4fc^(0ia-c?fcy. mir^iNT. 751*111 2 
(w ©xa-cai««**#ifcu vss-efc-So 1a 

1 3(a) ~m 1 3(c) <D#Xglcj3l\T«afilc«**l« 



Blca>^/\^^>^*JfiLr^-&o 
[0 118] < 1 1 1 > ^ffijICCDl/^X h^-f ^»«* 

*u {111] Ba^b^^is^t^^'j^v 
sp#7 5*«^jaiL/=*«(cMocvDaiz < i:-&aafiB« 

l±. U vO)H«a>»»ttia 1 3 (a) ICsf*-* 3CZ {1 

0 0) Hlc^Pff Lr«artfi35<«^. 0 1 3(b) ic^-r 
«fedlcU^5>»»<D***<=fl»t«:y. ft3SL/::& 

i*. Hid BHic^*Lfcra^a>K»a>fcA. 

10 S?iSSIiBl 3(c) lc^"TJ:ai=. {3 11} ®^A<tU 
S(*b-f^nll n P1;WP^16 5f (10 

o) a^^Ffficj^fie-r^ctiCcfcy. g — ^/^xKiin 

[0 119] coddle. *HJ560>J(Ccfc^>Sit^;i-C 
J*. Ox^ hx^^^yiZcfc-S^ttJBfBiS^St Lfctx 
fctf). x^^>^«(Dtf &o*rc«fc«*HyffiTA<MI 

[0120] ::-e, JzfEHS6^Jt?ri nl i n pS;jS^ 

20 P^^B65©»StpS!l nP/^77l t (T97^ 

kb) 6 zomts^cm^tT^m^^Ltzti^ m 

1 5(C^-r^ nil nPta^P*^B6 50)B 

H*<pg|I n P/<^7tB6 2a>Bj5«feyaiL^«a-c 

*0)ll35<O. tt*(DLP Eft 

(c*5i^r*Aa>ftftT?a^fi8*A<ff3b*ifc»$tH*. 

[0 12 1]Hl7l^t*5l:, nilnPiS^P 
'^16 5(7>lm£<!: piInP^7^Ki6 2<DJl£j&< 

30 ammcmzom** pB^7vKB82t P BW? 

pI^77Kl62^bpIiUS^P^^7l67^ 

^*L*asKic»"r«atsii#3bAr*#<. y— *a» 

l*»if±i:ttlS nil nPlilt^P^^l6 5 

<DlIA<pH nPy^77B6 20BS«fcy»l^4 
(cii. m 1 Sfz^^-^aic. P a95f KB62ipfi 

hse?p*^B6 7 t<Dmizt£Mmt>mmz*iz><Dx^ 

40 **<frfejfcfc**T?** H4 8C:^L*=y— */<XtBI* 
0. 5/im$£j£-efc£<7>T?. y — */<X«lC*tJ£-r * p 
H*5? KB 6 2 <t P S!B3fE^P-v^B6 7 (D&ttBO) 
B*<0. 5*im*iJgia~F. IP*>. I n PH;7fE3fP^ 

^16 5<£>BH<t pi I n PA'77rl6 2tf>BJK7>^ 
rf><0. 5 ^miaTT?fc;ftl£tt2fe<7>L P Eft(C*5txT*fi 
(Djfe#T?aa**A<ff3btLfc»di:lfl*. *iL<l«-*l 

[0 12 2] CtllC^tL. 114(a) , (b) ir^-f £5 
50 ic v ij *;5W<=fS»«i:ilR«ftS*ifcB8±Ana 
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nytmmdtfnM I n P ^ ^ ^ KBJJh <fcy**^» 
nil nP^n7^l65(i'J^vifig'eiy 

I65<!:nll nP^77h'l64 tfftftk U 0 1 9 |C 
ft*. 10 

[0123] Sot, *nste#j-ei*. aKjMic^ym 

ati'J^^nSl n P^P -/<7B6 5<DBHC:]& 

«ssd(c» Lt?ff c <t ft* 

*<. y^^»»rta>fcto<D3i«««tt*i«itt. nasi: 

t CtLfcM O C V DSifflL>t l^fl>t, _hfE^2(7)^ 
»«**«FJt-r*CA:l*«ftr»«-C**. 
[0 12 4146, ±fHHS6^J-C(*. nil nP!66 

nS I n P16 6 A<Hfir^ LT«^f (C^ 20 

'^16 7 *ne«-r«»lCnl! I n Pl6 6±IC|flE 
AflMftDpfi I n P17 7*<^flt**L^o 

[0125] utf. **ifiiJ!i(cfeixrffli^a«**ffl 

— ><D— «£^-r0T?*y . HlCfclxT. 7 3I*VX? 

[01 2 6] ia2oic^-rcfe5«:aw««fflvx^/<^ 30 

(b) (DXSlCfc^-C. 7X^(DXh7-f?BA<fiL^ 

-f^B*i o-»i Onm«*t*<-r*ci:(=*y. 

-7x^±a>7Kyeao>«fasi*«i^*ctA<-e** 0 

[0 1 2 7] @2 0lC^-rg«J*fifflVX^/**->£ 40 
BL^fc»*. 02 1(a) (z»-TJ:3l=. 
63PflJ»(ct,u----ifteBB3&<^fi8**L-&a>-C?. -?vz? 

^H)5fe«(DSit^;i(i. i*^L/- »«Sifeft<* u- 

£0 ftfc\ tPfft^-i: LTfflL^-6»#li. 0 2 

1(b) ic^-f^K. 5rs-Brt*»»*xv^>^* 

[0128] ft*>\ 02 oc^tvx^/^- 
I*. ys-B«fifflBBP»7 8*U— -FfBttBJMUHM 50 



PSP7 40>iS5$J(:: 1 $fo, W-2*Kltfct(DlcoLxr 
«*fflHa»0)IW*c*tlc|B*t(D-CI*tt<. 1*. * 

i * 3 * ± v fe o r t £ t * o 

[0 12 9] 0 2 0C^f7X^/^->flil|-C 

0 2 2(C^-r«fc5lC. Lz—lf^^ 
^««(=*y5— Brt*fflBBP»7 9«R(ttt,*L^ 
»RfiSft £*T ft 5 U— tf ^ ^ ^««(z5ft» Lt^4^ 
5-B**BBBP»7 9*»itfc»*. /Mt*ma>»# 
mL*<§^<tft£<E>-C. VX^(OX^-fWl 0 0 

/imaj*^jt«a«M£< Ltt, -7x^-b(C7Ky«ga35<tt 
omi <r> m & & £ ft _b -e ^ & • 

[ 0 1 3 O ] H]5fe^J 5.023 (***iyia>« 5 ^Hffi^j 

xfi^^-r0-efey % 0Clfcl^T. 8 1 lipl I n PS 
8 2l*pIInPT^7^KI, 8 3(iT>K— ^ 
InGaAsPittl, 8 4lini I n P±^7^ KI 
-T?fc£o S/c. 85l£l nGaAs^S— B. 8 6 l£ I 

n p^s~B-efe^o 

[0131] *«jfi«ijicj3(i--63fe»a»a>^x 

SfCO^TKWT*. nil nPSffi8 1±C(5lj 

X.lfMOCVD;iSfflLNt, 11$^ 1 ^m(D P H n P 
B82, BH^JO. 1/imOl nGaAsP^|4l8 
3. Mll«)1/im^nll nP±^77K!84^ 

j[i;*xes^^;uricSL. Sl:l«ltnil nP± 
0=>V KB 8 4_tlcBH&J0. 5//m<7> I nGa A s P 
^5-18 5<tIJiS0. 5/im(0 I n P^5-f8 6 

i: < m o c v d;*(c * y x **>-WU«ft-r £ 

(0 2 3 (a) ) o 

[0 13 2] #a*T?. I n P#5— B 8 ej&Zf I n G a 

a s p^s— is s^ft-r^ii^ftx^-vv k^jb 

L^aKi-yf^RiL, 02 3(b) iC^tcfc^lCn 
iinP±^77Kl84$®$lM^« 0 

I nP^5-l8 6(^X'Vf >^lCli, InP^X^ 
><7L1 nGaAsP^I^f>?L^l7f-V> 
K fifl*.litt&SJBlV St: I nGa As P^=~I8 
5X^^>^|C(i. I n G a A s P$X«yf>^L I n 

p*i'>f>yLftiM'vft> k m*-i£®m. mm 

*tf>ttSfc*»l*«c:i:(::j:y* ^S-IJ^i:^^? 

L£ N: t I n P_t<7 ^ KB 8 4CDSiSrt < :irc±:(-§£ij 
Ltr^^T*x^^>^^ih^^>Ct*<T^^^(ft. U 

vx KiMO)*SSg®a)ttS^-jS:t,fl)^t^-t 

[O 1 3 3] yS-IRSlg^, nSl n P±5^ 

Xh8 9$i*U ¥S§^)ffi^<7>ftffi^fflL^T. 02 3 
(c)(C^-Tcfc5(^ US>X h^*S^6//m(DX h^-r^ 
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— ->^-r^, 0 :0UvX h0)nl i n p_b 
^7vKB4$ffli:»t4Sittll ±&(D£5izUis 

x ha*wa>ttSiSffia)ttB*<ia--eft*fci6. Ox/\ 

[0 13 4] /<*->8Bnffl|cgtfJLfc¥*f*» 
£ B r - * £ J — MB&Wte&tS. <tt>l nGaAsP 

U 02 3(d) ic^-fcfcdlc. ;SI4l«<1~2//m 

»MtXB(Cfi-bvC* UvX h/^ — >0>n^ I n PJl 

[0 13 5] L/yX h8 9£R%£L/c&„ LPE 

SIC J; y 0 2 3(e) lc^-rj;5[c. pBlnP?Dy5 
JI90, n|InP^P^l91, pSlnP^P'V 20 

vT>yKm mt-v-f&vo ^*l*o> 

19 ItfnSl nP±<7^y KJI 8 4 Lfc«»* 

[0 13 6] CO)^OX/\±SIC I n P±^^^V K 
JB, nil nGaAsPn>^^ hl^I^Xt^^v 30 
S«8 hJiacSIc 

**i?*n>mnm, n«Ms»istr*x«*sirc¥ 

[0 13 7] C6D^ 5(C^H^j(C^tl[i\ #Z?JI>^t 

->f i >^l»*Lr±lE*W(*Ha)a±JB8 4«ffi*stu 

/SEJOUvX h 8 9 ^m^-t^^-oiz Ltzfrh* Ui>X 
h^*mI(7>^p B a (7)a®^S*-^^"r^ci:A<r^. U 40 
v^X hO>aS«tta>/< : 5^**MIit-&ctA<-C#-6a>t?. 

^*fi*S8ttft < fir ft 5 z £ # £ o 
[0 1 3 8] ±&mmmX*lt* InGaAsPjf 

fa&tz&>, V 5 —/I £ I n G a A s P2*^— Jf 8 5 £ I 
n P^5-I8 6<D=Jg«iS<t L*=rf><. Hi* I n 

-B0>B. #]*l£ I n G a A s PB-BT*fcoTt_tfE 50 



[0 13 9] *fc, ?S-I0)I^liMOCVDf^ 

[0140] &tz. ±tznmmx*it. b r - *$s 

[0 14 11 -tEM»«T?l** p&inPSCe 

ffll^rl^fc7b<. nllnPMSffll^ n^InPT 
^^aKJS. InGaAsPiSftl, pH nP±^7 

[0142] iiBSJtffJ-ett^T^U^p— S!o> 

l£#^§is£! (Distributed Feedback, D F B) (D^^ 

[o 1 4 3] nmme. 9zi~*§&w(»me~mB<Dmm 
mzmttzm^ ®*e^< (ood <d i n p*«-t 
fcj^nELfc <i 1 o> *i&jrc#tf-ss i 02 R£»«ja 

§1(07X^^ Lfc^-9-X h7>f^MOCVD;£|Ccfc 

y i n pji-ca^*»^a>a«^«icoLxrttwr-&o 

[0 14 4] MOCVDggt L-CI±*JE*S*^*ffl 
IV I n P@CD/£fite h'J^JU-f >\>^?lx (TM I ) 
<t*X3><> (PH3 ) £JS*4<!: Lfi£ft;£S 6 5 0°C. 
J#ftJ±:*] 7 6 t o r r , PH3 /TMIhtl 00, /£ft 
i$Jg3 rn/h r "Cfir&lV pll n Pi, n^InP 

mz&mzmmL. k3 f q (cn) 6 -koh-h2 

y#Ba>a«JKttrco^TH^<fco #fcpS^tt«BO)«i 

8<bLTyXf^v>^ (DEZn) ni«0 
B»£LT(*«Mb** (H2 S) Sffliv JSfifl^CO^ 

[0 14 5] *"TC2 H6 -02 % 

wrccfcy^nELfc. H2 8ic^-r (no) ^iskc^i/ 

&MiE#:JfeM*<£u En*>p<"9-iiJ®3b< (1/10) I104 
A^ft^^-tJ-X h^-f ^1 O 5^MOCVD;i(C^y I 

n PH-eaA**#(coi^rBiwr*o --^OxAi 

H(=r*a*?fiK*fflvx^i: LtSi02I1 O 3>b<^fdc 
^TM 0 H) 2 9 [iH 2 8{C^"T^t>-X h^-T^1 O 
S^^COi^-lt-r KlCpSI.1 n PI, nl I n Pil^S 

icSH^-^ c <t let y a«)i&t;Ba>ai&a««IMR«KW 
-r^f-^com-cfcy . nicfci^r 120-12 3fia^> 

^5e^fi£^JlT?fe^o 112 9(a) {c^-Tcfcdic/ag^ 
«Hft(Bt?I*dSa««Bl 2 0«*y-9-«B(D (1/10) 
®1 0 4Rtf?ii^ (00 1) ®1 0 6±(C[^(S|sl — 



(19) 



f$IPj¥06-291416 



ffiM±3ffifflUc (111) BB107 tftemZtl* 
HLVltfSL^it LKl^o ICt, (1 1 1 ) B®107t 
(001) ®1 O6O)4tftlS01 1*55° -Cfo£o 
[0 14 6] Z.(D&ktfLg:£*lZ>m§kf£§:m 12 1. 1 
2 2ICMLTI*. ^-^«T?0/S«A<I1I2 9(C) (C^-f 

j&pg£-e. >-*«b<d (1/10) bi 04*< 

;B«-r**-e]iiff-r*o *-t>-«ffl<D (1/1 o) no 
4 35<aj(iLfc*i=fie***L*isa**jii 231*. 112 

9(d) lc^-TJ:5lc (111) BB1 0 8±lct«fiA< 
itftU ^«h7-f^l0 5A<Iiftatti6, 10 
t?. (111) Bi1 o 7(4v8i5c*(Ccky^rt**ifc 
ffl-eft^fc AM O C V DSTttrtft L ftl^, C(Z>HI2 

9(d) (r^-rs(g-eii|g3 Oic^-Tcfc^ic. (111) 

BpS 1 O 7 <t (001) HO 6 ^SLTl^fctf), fg 
fttfiPl O 8(Cfcl^T (001) m 1 O 6±(CfitftL/=tt 
(111) B1107 ±rcrtfipTteft-9--f h109 

* o>&sk (111) B®io7±c^<i 
[0147] s*ftfl£*ta>*-0-x h^-r 

y. *-*x h^-r ^fflBicvx* 1 o 3*><ii^tbLTii 
L*ttlvDT?* 7X{7 1 0 3A<«»*xa>3f[tLirjK»$-§- 

it. m 2 9(d) lZ7r.-?&oiz¥-intte& 0 
[0 14 8] ±ZOJ:3ft*AJ&^ISAAJHMII«M^ 
til*. El 2 9 (a) ic^-TrtftttJBfiaBlT?. tMMJUH 

2oat P u n p£ia&M£j»<jBjftLfcifc. b 
2 9 (b) , in 2 9 (c) <D&mt*i£&m&m 121. 12 30 

2(bLtnII nP*2SaJit»ja-r*Ci:rcj:y % 
nil n P* 2 taBtfiSttI±(D n i» 1 ±{?7 ^ K 

*oy— $/<xflw>*i\u— *f«ii*<*S 

[0 14 9] ;^(CHB r-H2 02 - H2 OlOx*v h 
x^^>^ftfBr=J:yftSlLfc. B3 1 ic^f < 1 1 

o> j5fo[z»xf&mm'S±ihteft (isiT. e±m#<tt 

L*5) ^^h7^l 1 oizfci*&ffl&J»ft««t(;: 

oi^tKSBtSo *-*x h^-r^i 1 oowmits i o 

21103 £^?X^<t LtHB r : H2 02 :H2 0= 40 
2:1:1 0<0;I^Jt-C2 0 o C|C«Jf$*LfcS;"aiC 1 6 

#ra»Jttt»-ca«-r acticfcympi^ > d 

#2. 5//m(7>X h^^£*#fc 0 £fcC<D£#S i O 
2 1 O 3jET0)*t**£ InGaAs (P) 111 

fc"r*c:fcl=J:-y. (111) A®*<?f£L 

&l*B±Ultt<0fl&tt£»fc. CCDSSlCcfcyj&JjtLfc* 

+J-X v=?<<?^ i ocz&i^rii. s i 02 vx^ 10 3 

yvx*jfr<1. 7-1. 8 ^m(^tbLTl>^>o 50 



[0 1 5 0] 13 2Ii@3 1 (C^-rm±UU«CD^-9-X h 
KlCpfi I n PS. nil n PB£ftSlC»»-r<5 C <fc 
fe y % B(=*5l*T 13 0-133 liSAii^^S^fiB 

t? fe & o 

[O 1 5 1 ] HI 3 2 (a) (C^<fc3(=Jifc«i0fflKIBTI* 

«««*«i 3or*y-9-«a-tass«(c (111) bbi 

0 7^**L % fOTSl: (22 1) B11 12» 

5 fCf#;^-f£ 0 - (22 1) BB-1 1 

2<t (001) aa>ft'rfljt02 i*7 o° -efe^o 

[0 15 2] *0>&0)m$:&m~3$^Xlt (111) B 
® 1 0 7 Jl(C(*±<J*ft*<it*-*\ *fc % (22 1) B 
■ 1 1 2±lZt±<. ttl*mfr\+frfc*&ttt£l*tz 

a. m&f&Am 1 3 1 izoL>r li^i 3 2 (b) ic^-r & => 
i=*»*¥««a>*-t?atfTU *bicesiaMi3 2 

lcot^Tt^^ffl-eOJlJcfi*<si^ : ^L. H13 2 (c) 

(C^-TlSPg. (2 2 1 ) Bffi112A< 

;B3*"rs«(B(=3S-r«o ^<7>&. efiAftH 3 3 (co 
l*TI*. ±aLfcIift^tt©>«h7-f^1 0 5© 
*fi-(C*5l+*pt-9-«®0> (1/10) Bl 0 436<«aL 

x h^-r^i 1 0*<sA^*tL^ o 

[0153] ::■(?, Si02 7X^ 1 0 3TSUGD1J- 

-f Kit/fofcAs i 02 1 o3*<^-9-«Bcfcy 

•JBrt<R±(=l*¥«fc*5h/*\ H3 2(d) Ic^-Tcfc? 
ic. o. 8/imgJg©eT©IH]^i:^ 0 L**L&*< 
£>z ©[Hi-fis i 02 vx^ 1 o ^x/\± 
BK 2 a/ mSt»IAftt« c <!: (cj: y ffiM£-&& z <h 

[0 1 5 4] C60«fcd^S±a4^(7>y^X h ^ -f ^ 1 1 

^^(cu-^/\°x*s©»iNU--+f«^o^s^prtg-c?& 
*o in*>. hi 3 2 (a) (c^-r«fta«uauB-c. eajsft 

H30i:LtpiInP»1 J£&JI£ (221) B® 

1 1 2A<^*+L*<k5(c3lS»ja*Lfc«. 113 2(b) 

, m 3 2 (c) oaPB-eieajSAS 1 3 1 , 132^1 

tnll n PmZm&JB&MflL-t&^tlZ&l) % nil 

S o 

[0 15 5] ;^|CB r2 -CH3 OHlOi^ hX*;f 
>yft«lc«fcyff«Lfc. @3 3C^t < 1 1 0> 
(C#t;*^-9-±«IS«(C (111) AB1 1 4A<»***1 

fcia^it«<Dy-9-x ^1 1 3£m>fc*i^ico^ 

L>T^1^±ttWlC (111) B|10 7«^ ^ 
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tiZ>*-*±Sm&<D (1 1 1 ) AcS 1 1 4lclix^^>^ 
mzW£itfft±TtZ> 0 *fc (1 1 1) AMI 1 4I*I n 

mo>\\ \ mm*vmi&£ft&mx'&vmm(DMmtit<£ 

L>^ife£§lt^l^CDSSfr bMOCV DfcX0)f&Wlk 

[0156] *§&wom6~ms(DmMM&. *%w<» 

&&fa±^0) M O C V D ;£ \z £ o X WfifSL £ ti Z> tSS M <D 

[01 57] in 2 4 (**3§b;^!f§ 6 ommmiz & 
ftu— »fa>«fi*a*^-rKffixfiiat?fty. m2 4 

(a) lipll nPl«9 1 (ZnK— ^. *t'J7lK 

5 x 1 o^cm-3, pi^fi (001) ) ±i: P i I n P/< 

777192 (Znh-?, «J 7;S® 1 x 1 O « cm 

" 3 . I*2/im) , 7>K— ^1 nGa As P;^I4I9 

3 (MSficin. 3 umnsot&tiL, mzo. 1 

/im) , nMl n Pl1±^77 KJ1 9 4 (S K— ~?, 
4-^UrilJSl x 1 0^cm-3, m^O. 7 A<m), n 
InGaAs^^l116 (S K~ Zt. 
S 1 x 1 O l8 cnr 3 , m£ 0. 1/im) , RZfnm I n P 
*r*V?m 1 1 7 (S K— ^'JT;lJt 1 x 1 O <« 
cur 3 , H20. 1 u m) *«*S)B*1±fc«jB*^-r„ 

[0 15 8] ::*lb<7)Ji(£MOC V D;ilCcfc y HJ >f 
yU-Ov^A (TMI n) . h'JxfM'JOA (TE 
Ga) , 7fxX^Y> (PH3 ) . r;Ui>> (AsH3 
) , »flS7k* (H2 S) , ixX^;U^>^ (DEZ 
n) £J1*4£U j£^;£jg6 2 5°C, iIE^]50to 
r r, V/\\\ lt1 OOTrtTOt^^o SlCHC I Ccfc 

ynii np^^n 1 7*a«M(c»*Lfcax 

/<?9ft(Cj:y -)iA± (nUl nGaAs^'^l 
1 1 6±) ICS iO2i103 &f&f$LL* t&'&migCD 
Z?* h'J7^77^^(CcfcyS iO2i10 3$K 

< 1 1 0> 73P5]) o f LtZMTTx^i LT2 0°ClC 
STcftfcH B r : H2 02 : H2 0= 2 : 1 : 1 O0>;g 

^mx^ 6&m^vT>7T&^klz&i)l%£2. 5/i 
m(7)s±Li4«<7>>-»tX h^-f^^f^/lJc-r^o Ctf>#S?!>< 

12 4(b) xfo& 0 
[0 15 9] ^CMOC V D;£T?S&/£^£fr$:5o c 

J«I*fr-epIInPSliM9 6 (Znh-7', * 
-V'JTgjgO. 8 x 1 0i8 C m-3, W-tB^XCDmZO. 7 
Urn) , nM I n P|g2JI&Jl9 7 (S K— 3^ 'J 



7;lJl7xioi8cfrr3 ( ¥*§a*-e<ail£ O . 8/im) & 
t/pUl nPg3l^l9 8 (Znh-7 1 , *t'J7l 
JS0. 8 X 1 Ol8cm-3, W-m^X(Dm^ 1/im) SSi 

02 7x^ 1 o 3±VLft<Dmmzmm*& 0 c(D#s*>< 

m2 4 (c) T*fe^o 

[0 16 0] 2fel=H FlCcfc y S i 02 1 0 3 

£ L. H N 03 (Ccfc Unil nGaAs ^^^^Jl 1 1 
6$BSLfctt % nIInP«2±^77KB99 (S 
K— ^, ^-V'J7M1 x 1 0'8cm-3, 1*1. 5/i 
10 m) , nil nPH>^^hI1 18 (S K~ 

l J7;lJS7xio<8cm-3, H£0. 5 /i m) S0x;\i 

4 (d) -e&^o 

[O 1 6 1 ] -^(D^^xy\a® (nlInP3>^h 
1 1 1 8_h) ic*— 5*^181 1 9SML, ( 1 1 
0) ©tM^t^U^p — (Fabry Perot ) ^«§g<D^« 

mm t tz % * 5 i=^#n-r & c <t iz <t y u— if *^a-r 
£ 0 H2 5(cc<D*ft(Zcfcyft«L/=u— tr«3ta>K® 

20 [0 16 2] **J6«lCfelt*na! I n P« 2 9 
7 <*>«» 1*12 3 2(b) ^^>HI3 2(C) lcS-5SB<Dia* 

n Pm 1 Jt&Ji9 6(DfSM(Ccfc^ (111) Bffi 1 O 7 
A<^filt**Lri^fcA. n!lnPS2l3il9 7li^ 

7^Kl94ifti«C(!:li^. «£or**BB*ffl 

tN^c^iCcfc y«6*«o>BiW(c*5i\ra^/=« 1 

m5f£^£S (IH5 3^<^2 3 0) 0>^l^{iI^iL^^>E> o C 

30 6. 9 7, 9 8<o^^^7&m,izitmmtmt>^ui^ 0 

[0 16 3] ^:*^T?lilMl9 6, 9 7. 9 8 

<Dmmizmmfflwi±RVi%-&iz&tLtzMo c vd^s 

ffit^Zt^r/^-y-fflSai^TDlSl^CDpi I nP|1 
iliXH 9 6 G>mmt)<. 03 2(a) (C^"T (22 1) B® 

1 1 2<D»rt(=«fcyf»ih-r-&c^r=.kyiwatLfc«2a> 

*&3!l«3ttt£» (H5 5 c^CO 2 3 1) (7)*S (HI 5 5 4^(7> 2 

3 2) £&<ft|^£C£rf)<-C?#£o EP*>. (221) 
B® 1 1 2tfMj&£*ltz'ikltpm I n PB 1 6 
0>&&f$.£:ti<mAjX t> * trX h =? -f ^flSffi(0«SA)i(0 

< *H»-T ^> C £ 7&<T?£ ^> t (7) X fe ^ o 

[oi6 4] 03 siz^mmmiz^ijmmLtz\y— tP« 

;i(Ccfcy L P EStttBLfe'Si/NrttiDU-^/UB 

-f £C<t7MT?£Tl^ 0 ^feIU3 5|CfcL^r0x/\^lm 
aJcDU— ^/N°XK7b<J^< £roTl^7!><. CHliOx^ h 
50 x^^>^-eyif*»rtLfci:*lcy-9-a>3RS*<Hia» 



(21) 



^¥06-291416 



■C*#<ftori^*Ci:(Ccfey. nil nP^2lM 
9 7 <D&Srt<3ttB 9 3 iZM L < fcofcd t 

[0 16 5] «6or*»w*ffl^*ciicj;yjijaa3j 

[0 1 6 6] 3Mfc«7. *(C**Ma>K7a>S8J6«lZ-3 
l>TlftBJ?-f £ 0 ±E*6<D*t6«(=*5L^-CI±ia3 2[C^ 

&JftJHMt£tt6. -0>»a-l=i3^rt,H2 9(b) , HI 

2 9(C) <7>^PgT?n^I n Pm2S^il9 7^SJff ^> 
Cilery. *1rtHB±*6»l::l*n£! I n PI2S^I 
9 7 0>aB«rfcfr*?*LfcpS I n PlS 1 JI&B9 6 0S 

Hic^y (11D smi 0 7t><Mf$.£*ixi^&tztb. 

nMl n Pft2H&g9 7 (4 n H I nPjU^vK 

[0 16 7] *fc % C(D«^ltpS I n Pft 1 1M9 
6j&<*lHiyffi±«KP(D (111) BH1 0 7^fiR«J2in 

a>^-9-«jffi±(=fie*-r^o>-c?. (221) b®ii2co 
»j*ic j; y ja**<»jt-r * ±t2B e ommmom^ t m 

fey. 'j-^/Ueijlpl I n PIM9 60)SIiI 
<&W::.fcoTft5£**ia*=ib. pllnP*1(iai9 

6 a)ai * n < -r * c t x <j — $ / ubs» < *j»-r* 

[0 16 8] C0)«^(D'J-^/^Ba)SI9Ptttt, MO 

O. 1 VrntWUZLtzM-SlZ. y— ^/<XH(D^x/\« 
^-tttfcSStt^fcSIWtti Lt±0. 01/im 

[0169] mmms. ^i^m^s^iwco 

l^TfiBtS, h^>T :7<Dff2tK*><. Br2 -CH 

3 OH&mi*XtetfLLtz+ 12 7(C^£5fe&>-*fl2 
«T? fel^r*. ±IBJB6. ft7<DglJS60IJ<t|5] 

«a>*3*(c* y ft 1 ojtMaskStt (0 5 3 2 3 

0) <7>fet^— *f«ig<7>^S*<pTH6-Cfe^o LJ^Lfc*< 
£D!Itfba>*:tf>. ft2(0ttl3»«d!E«B (Hl5 5*0>2 3 

1) a>u-9/<x«<DMMttimttfl6. Xl**t6«7 



[0170] U^L'J- £/N°xte<Dft]M£<&g**<L/— 

ft 1 <D*!ia«gSE3|i»(D|B»tlt-<^ttt^c«). H5 2K 
^-r«BBB8 6 3- 1 6 9 0 8 8^«|C3F£*lfc*£*tf> 

[0171] fefc. *-frX K^-f ^(Dfl^ttlCOl^Ttt. 

-f3K3C: (111) Bffi*<fl^ia**L«j:L^(D-e. *HJ60iJ 
«r*. fox h^-f ^«*<aMR(cifi-S<l3ttL^«n»ft 5 

5° JJl±9 0° )UT(7)^^"Cii*D-r^^-t>-X h^-f^. 

*fcr*«±»a>«»fl35<5 5° ki-h9o° iaT-(?RSHtt 

JJl±9 0° JaT<D«#T?i8aLTW*<Rail«l=i8*n"r* 
itX h^-f ^JSl^T. (2 2 1) BffiJMtSCi: 

20 led; y y—&/<x«*fti«i'r*»*fcr* % s_hffia>tt*t 

ft^7 0° J:y t/h£l^j£^j£a<£ (2 2 

1) smmmzti?. as^»^tLfe^cDt?. c<z>«i 

[0 1 7 2] ±IHSIS6^JT?(*. InP&l/lnG 

a A s . fc£lM4 I n PSl/ I n G a A s P^ffl^TL/ 
— tf*«jaLfcj&<. ffe<7> lll-V«Mb#tt£ffll*T*«fc 
<. ±fBHJ6<S!Ii:^«(Z>«!iS^-r^o 

[0 17 3] H]fe#lj9. JifEft6(fl3iS£#J-C?li. pil 

si= t itffl-r £ - <t *<-e # « o 

[01 7 4] H3 7ri**^a>»9(D||J6ffJ(Ccfc'6*W 

[0 17 5] ^fMOCVD^fflUtnl I n P^1£ 
151±|:niInP^77hl152 ( 7>K— I 
n G a A s P;£14B 15 3. p M I n P <7 =? V KJf 1 5 
4. pUlnGaAsP^r-V*y ^il 1 5 5 * IH&jB^Jift 
40 fil, p^ I n G a A s P^r^V^M 1 5 5_b 

(CX/^>^lCcfcy S i 02 11 6 0SfSi« o -f L 

Z(DS i 02 11 6 O^jl'SO^^- h'J V^*^77< 
ft^, RlS^y^X/tim^mi^r. [33 7(a) (c^-T 

<*:5fe (no) ^[S](ox h^-r ^tt(c*px-r^>o 

[0 17 6] S i 02 i1 6 0^VX^<t LXm 

ix. HB rSX7^>^l:«ty#*ftISX7f >y 
LT. [33 7(b) [ZTjk^-^oiz^V^m^^o -C0B# 
OSi02i1 6 0 <b > +»"fflIjDi(D p H I nGa As P* 
pil n P0=>V KB 1 5 4CDfg*g<t 

so fe-ffts (Ei3 8*(7>0i -e^-r^s) i*. som.mm 
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iz u £ 0 z oft mit * -tMffl® ?9 o r to & ic^ib 
U >1HSHT?S i 02^1 6 0£¥*rC:&:£>o 
[0 17 7] MOC V D;i"Cll^/SS^ff^5o 

n PSI2JI&JI 157^S i02I16 0 ±Vift(bffil$. 

izmmt&o cct?. p&i n PS1S2JB1 seitm 

3 7 (c) (111) BS165, SI/ 

(22 1) B@ 1 6 6A<ff^^tL^>cfc5lC3e^^:^^ 
3te«<D«lffi(D (221) BSd 1 6 6*<;fiffeLS: 
l^-CpU nPHiai1 5 6Mie7L, 
C<7>^. nIInPl2Ml5 7Si3 7(d) (C^ 

[0178]fLT, Si02i16 0£:7-/ig (H 
F) 1?. plInGaAsP^^H5 5 

(NH03 ) -?R&£L7c&. MOCVD;4SfflUt N 0 
X/\^®|Zg|3 7 (d) pilnP^'V 
KI158, fci:t/piInGaAsPa>^^hl1 

5 9 *m*aafiiifi-r4o 

[0 17 9] C<7>&. p^I nGaAsP3>^hl 

1 59±, st/^«i 5 1 mmzir—^yzm&i e 1 

£ff2j£U (110) ®*<^t^'J^p— (Fabry Pero 
t) #ffig<D^ffiS®£fc£c*;dl^ Zm+Zztlz* 
y U— IftfWf H3 9lcca>*aiCcfcyffHL/= 

[0 18 0] HI 3 9|Ztj^^{*L/— -tflC^LNT. 
«3lE3&<a3K*fiB(*. T> K-^ I n G a A s P;£ttJf 
153iniln PMtttZfn V 1 M 1 5 7 (D Pal PI. E|3 

pM 1 n pwsft^p 1 5 ecDft&moym&x* 
(Dfrwvyk&Zo *nmmvit. m3 ^iz^Ltz^v-m 

&tfl3 10]tftcttat6S«^ pS!lnP^;7S^ 
a®±ir^<. *fcl*flt^U^««A<3i*ft^ (2 2 

1) BB*^ja-r-5«fe5l=L-CL^(D-C pSlnPf 
Sl^Pry^ 1 5 6t0gttH(D«SS7?a>rtiwi*o. 1 /2 m 
SflE*T?«< -JSC MlM«%$AM(=1SXTf 
££0 «ot, *Kk«l(:J:Ml KU*T<DiMM#tt 

—if* watt cfc < ««-r « c <t 7b<-c * « o 

[0181] fcfc. ±IE*90)S8li6«-Cli;SttB(D«» 
\Z (2 2 1) B®X)<^$tL^iga-(^OLxT^Lfc^ 

if«lB«Jta>aiJiffla>tt-rft*35<. (111) b®o4i 
mi 5 6*^ja-r*ztic<fcy. ±ExiKM&n«a)jRi 



[01 8 2] ±EJB9 0>ltJ6«|-c(4>-9-x h^-< 

zowi&itm 2 9 ic^-Tct 5 i= a^a wa«*<me 

££>Tf. 13 2 9(a) (C^-Tffltoa^JBl 2 OCDfiE^lCfB 
^-T-SSUB-C. pll nPl;I^P7^lO)M^cj: 

-ea>rtit/jx*<«ai-r*c:t*<-c# % ±te*9o>9imm 

[0 18 3] HJS^IJ 1 0. C<DSS«|a>86 1 OCDH 

>Viz*i)*-y-xh^<{zt£MtitLtz1k* piinPi 

1 tai9 e sc«cDflft$fc«i&jL-r« 

fc»|c* *x^-r > (PH3 ) (D^£0SL£:j&<£S*;g 
StSSS/SfiSJS (6 2 5°C) tUlSLtl^o -go 

20 X h^-f ^MHdBfcbLTl^ I nGa As P;S14I9 
3tf>fi]®0>£<b. 0«Xl£A sCDKUB* XI*As^&P^ 

<«8E:7n^*JB) CD^n D p^*<*^^^a)i:/cf y. Z. 
<7>«S*. 1^— 1fflB*(=»*LftL^«l«aa>*4. U- 
1f <D««tt0>ftT <h Lv o fcMBA<4f £ . 

[0 1 8 4] *f 1 OCDgltetfiJf*. S«»;a*0>SttB 

30 8*ia*B4 0lc»otKMt*o 

[O 1 8 5] H4 0 (a) P ^ 1 n 

P»i17 1 (ZnhW, ^'J7IS5 x 1 O^m 
" 3 . (001) ) -hirp^ 1 n P/<y77l1 7 

2 (ZnhW, ^r^'JTSfiEl X 1 Ol8cm-3, H^2 
/im) , T> K— ^ I n G a A s P;SttH 1 7 3 (3&5fc 
^fiiatl. 3/lm*BS0>fflJ*. H^0. 1/im) . 
nS!l nPH ±^7*V KI17 4 (S K— >f p ^r-V'J 
7Sg 1 x 1 Ol8cr 3 , m$ 0. 7/im). n^InG 
aAs^^H80 (S h-^, ^U7SJ|1x 

40 1 0l8 C m-3 , H^O. 1 v m) . WnS I n P^r^Zf 
1181 (S K-?, *VU7»K1 x 1 o'8cm-3. « 

*o. i/im) tiR*ajB-r*o 

[0 18 6] utib(DIIj:MOCVDa:«fcy h U > =f~ 
(TMIn) , h'JXf^^UOA (TE 
Ga) , /^X^>r> ( P H 3 ) . T;U*>> (A s H3 

) , flft^b** (H2 S) , ylf^ (DEZ 
n) ^l^*4<h L. ntft;ajS6 2 5°C. fiJcfiI±^5 0 t o 
r r, V/lll Jt1 OOtfftot^^o 

[0 18 7] ^CHC HCcty nS I n P^-V^^Ji 1 

50 8 1 ta«M(=»*Lfc«. X/<v*ft( = j:y^x/\± 
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(nil n G a A s*r->rvZ?m 1 8 0±) CS i 02 I 
1 8 3 £fl£jau tO'lk&i&O)?* h U V<?"?7<<<D^ 
,*(Cj:tj Si02i18 3^S5/im(DX h^-f^tt«= 

inx-r* (x h^-f : < 1 1 o>*rS]) . fit 

C*l£VX^<t LT2 0°ClC«fc*Lf-H B r : H2 02 
: H2 0=2 : 1 : 1 0(DI&ST?1 6»BlX^^> 

[0 18 8] ^l:MOCVD;JtlM§^3o * 

(PH3) S»La*<&»S*frftlv 10 

+T?a«aa*<4 o o^crcftofeBtdj: ya&jftjten 

*SL. pM I n PffiSfSSB 17 5 (Z n K— ^. *Y 

yraao. 8xio<8cn-3, w-m^T-omz : 0. 0 

5 Jim) SffiSJ6*<6 2 5°C(C3Sofc^(C % 

pi I n P*1iai1 7 6 (Zn K— Z?, +-V«J7S 
JgO. 8xl0^ 8 cm- 3 . ¥iia5t?Olm^ : 0. 7 Ji 
m) , nil n Pjg2H£JI 1 7 7 (S K— 4r-V U 
7iS7 X 1 Ol8cm-3, ¥S8P-ea>H*0. 8/lm)& 
tfpiInPl3l^I17 8 (ZnhW, ^'J7 
;^J£0. 8X1 0<8cm-3, ¥-m&T*0)m£ 1 Jim) £S 20 

i 02 VX? 1 8 3-tJSltt<D«*l=«Ji*-* (filT«a 
*«£»¥*) o Ctf)#^£0 4O(c) (C^-fo 

[0 1 8 9] ^CH FCcfcUS i 02 1 8 3 

HN03 |:«t«-J nil nGaAs+A-V^H 8 
OSBilfcft, nSlnP»2±*79Ki179 

(S K-? ( +^U7M1 x 1 oi8cr 3 , 1^1. 5 
Jim). niInP3>^h|182 (S K— ^. 
•V'J7M7xl0i8cr3, Jl^O. 5 Jim) 

4 0 (d) -t?fe£ 0 30 
[0 19 0] ^(D'&^^/^m (nil nP=3>^^7 h 
■ 18 2±) *«ktf»BB(=*— 3«y^««1 8 4£fl3j* 
U (110) l^r^U^P-ftlS^SSffit 

■To 

[0191] mzmmz-oi*xsmR-?z>o 04 1 ic^s 

*lfc¥»*U— iWcjSI^T. pi I n PSffi 1 7 1 ^1/ 
ni I n P-t^y KB 1 7 9O>0SttlC|ll/W7XaEE 

shut***:. *#t-f*ia>*^UTT?*«*— ;u<ts^ 40 

A< 1 n G a A s P;5ttB 1 7 3lC;iA£*L I n G a A s 

p sttiB 1 7 3 *-e«#m&*-r s^iCcty 9 s * 

fttf^lS-So Pi I n Pi 1 Siil 1 7 6. nilnP 
121^117 7, pi I n P»3iai 1 7 8 (* I n 
G a A s PJSItJB 1 7 3fflS5£ I n G a A s P;SttB 1 
7 3 £Un&r¥<D/J*3lM n P$g^t?ity>^t;- <h: (cj: 
U SttB 1 7 3 "0SS± Lf-*£;Sf£B 1 7 3 Ad^iftl:: 
BBCa«)*Ct % JSilS nil n Pm2Jl^Jf 1 7 7 t p 
i 1 n Pl3l3il 1 7 8(=<fcy«/<-f7X»fi*»rt 

-r*c^ic<fcy«a»sp*ff<P^attJii 7 3(ca^cfc 50 



[0192] *m 1 oa>ns6«ijiCcfc^#si*u— 

-tfCOSig^O^^. ffi*ffi*< (001) (DInPS 
ffi±(CjStftLfc I n G a A s Pl±C, MOCVD;^ 
fflLxraftSfiRftv— ^>X|Ccfcy I n Pl^RKSt 
«*»0)IS*l=at^L^T»Wr*o 04 2(a) |*±|B* 

6 <DSis6fitjic «fe « s&jas ic 33 it & jas <r 

"TH-efcy. H4 2(b) oa>n*6C!licj:-ssa 

[0 19 3] StttT?!*. -t&O) I n Ga A s Pjl-h^CD 

»a+l**;*^-r > (ph3 ) 4>^£9EU 
04 2(a) , (b) l:jFt2»y^>X-C^o 

fee H4 3r*s8»(0jis«*ittwr*fc«)<DHt?fcy. 0 

4 3(a) , (b) 1*0 4 2 (a) C^t^y-^VZtl 

04 3(c) . (d) 1*04 2(b) (c^-TfiJtSv/— ^> 

5 £ * *l o 

[0 19 4] ±IE*6(DS8llfi<Ha>ffl3aja*(OfiRft*>— <r 
>Xi:J;oTSteLM^ 04 3(b) Iz^-Tcfc 3 K 

37 -r >0><^£;ft Lf=#^a>BR(c. #J*_[£ I n G a A s P 

momi&Ttmufo&A sowtm, s*=i*. as^&p^ 

a>g«*IC«fc^ I n G a A s P B <D S ®S£<b -f£ 

«lCcfc£ffl&ja*ft<D*^ 04 3(d) Ic^-Tcfc5(cs 

J**)BttjKffi-e&y. #;£B#(7>I nGaAsPPSI 

[0 19 5] fc*5 % ±fH^*fe0JJt?li. pi I n PiSSfiK 
ftB 1 7 5S»figS4 0 0-6 2 5°C|r^l>T. 
£&T?<7>Jl£rf)<0. 0 5 Um£ti:&&5lzm-g:Ltctf* H 
*I*0. 003-0. 3 /imOKHrt. fc«fetfrt*Ba*& 
SJSli 3 o 0-5 o 0^©8BHWlcfc*ui < fci\ > JlUco 

TRit, 0. 003 jim ( 1 om^-mom**) sms>*i 

*£C<t7b<T?££Z<hfr£>. BJKD-tIBti\ 0. 3 Jim 

£0>T[BI*. 3 0 0°CJ:y tf£l^ffi^l*S8ai±(Da» 
fc«a**I#*M*U=<l*cfcfr& % MRttUd) 

^^Cfel^r. S i 02 11 8 3±^<D7KUf**s«i*|-r 
*fc»«=l*. IsafiKMi 7 5(0Im^(i^<. fro, A 

[0196] *tz. ±tmmmvi*. nam&moM 

*S^SJS4 0 0°Cfr^>r?r1teL. 1A&^|1 7 6(D« 
SSJS (6 2 5°C) lcil-r-&*^aIJSLr^5«l:3(c 
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SJt*<6 2 5°C(Cfc£P P 1l£/£S£*Er LP H3 (Dfr&ttl 

[0 19 7] Si02H8 3 Jz^a>7KUW»S 

S4lcfflfflt6|«-^ HC I #X£ffljU*1 SCCM 

[0 19 8] *fc. JtESMMttfl*. pi I n P«aj» 

5Ji * m o c v d aiz y l fc «a it 

*«Stt|fiI±©l«'e, TMI n*5cfctfPH3 
tt^LTAL E»C:J;yja*LT*<fcl\ > 

[0199] 5iSfc#J 1 1 . 3fcic**i»a>gi 1 1 onjfe^j 
doixTBHW-rSo ±ESt1 O(7)HJte0iJ(cfciNT[i. m 

^fiH*o>#a+(cfia**iB*^jaL. chic* y sit 

(PH3 ) tt^izTJU->> (AsH3 ) 
5 (cLTS«SS+0> I n G a A s PjSttB* 

[0 2 0 0] H4 4li*^(Dl1 1 (^Hffi^JlCj;^* 

4ic^^-^a(c. *n 1 a>*i6«-i?i4*«a)»a*(c 

PH3 Si/As H3 ^*HHF(z«J&-r'5<fc5(^Lri^ 
&o 144(a) lcj|M"cfc5l=* pS I n PfiiSAMO 

» ai«tjm\ piinPBi 

»»Xt*AtiCtlCcl:U, I n P^feft-SSfi, £ 
7^ Kl<Z)l»*fka)^4:e»r, InGaAsPA^ft* 

Stt»0)»«ft*l»Jh-r*zi*<T?#*. :ct\ As 
H3 (&«Stert<£-r**»#l::i±. I n Pa@<DSfe<b*><i£ 
C I n G a A s P KDSSA^ 6 A s (DHt tf& 

:^as^b, piinPSnan7 6iz)S4(!f© 

MlCAsH3 <D«#&*fT*^.I*cfc^o 0M&"T*P 
H3 |:^As H3 CDtbli I n G a A s P;£t±JI£^ 

t*. *fc. *«aftr=«fc**f»»x<D»«*a>»bi*p 

H3 i:AsH3 <h-eSfc SfiSSC: jslf-5 pIE 

£ A sEO>lt*-3ElC|tl**r'6BM-C. PH3 <t A s H 

044(b) iz7F~?mvit* ph3 t^antttt^ 

b100SCCMO)-$lT?«I^L, C*U=ttU As 

h3 *««a*A<4oo , teaaEi:ftofci»ja[t i *&2 

as (6 2 5°c) <tfc£B#j5t2 St?. «*c:-*-a>flMfe 

J&T?(7>A s H3 GWSSl* 1 0 S CCMT?fo£ 0 

[020 1 ] fc*5 % ±IB* 1 OStfS 1 1 G>SSJ60flT? 
I*. S&lSfiClcfcy. pil nPSHMl76 ( n 
II nP«2fl&j|1 7 7, ktfpBl nPl3Kl 
1 7 8£jjlftLfcj&<. d*LP,a>JiO)«47yi=. 

XI*. ¥$fe^B^^i;^B$^fi^^ii^{c^±fB^i 



[0202] *fc. -LE9S1 o, n 1 onjfi^j-er*. 

*Lfc*<* ±E«7<DSIJfi« 
(Ocfc5fcSiE£:fl2#L *fcl*±ESB8 0>ltlfiffi|a>J:3* 

I*. 

[0203] *fc. ±E«1 o, mi io>mmm-(*i*. 

plln PSffiJtlCfEfiLfcU— tFlCOtxrai^<fcA<. 

10 nii n ps«_t(cf^sLfcu— *fo>m$tz*>mm<»&} 

[O 2 0 4] 

A x & A * tltz^t&'fa [z & y Jfcj£ £ *Lf= >nh7^f? 

20 a>*±£i»jt^*sa**<&<5o 

[0 2 0 5] Z.<OmMlZ&tll£^ #Z?J[,T'\r*Jl> 

m&^nmo^m&is—^ftm&x&izte^T. 
x ? ji,^zrnm&<»ffimzm 1 mmm 

30 m&*&L&mmx*z. ■»»By«M^-c?*«»jK^* 

[0 2 0 6] C(D«M(Ccfc*ltf. Xh7^^ 

40 TM4*ifcjf^fnilt, ^H^H. _b!HB2 

i:. K2.ftO)X ^tt»rti:«a»rt**Lfc» 1 * 
■S¥»{*a££«iU -tEH«a>«*a>iE*2S|« 
a*»i*Ji36<±E«a^P^^«3ta>-»t«:«««i: 

Lfco-e. i )-<7ni&i&&<Dfctm&f£&Mftmzi&w 

50 [0 2 0 7] *fc % Z(D*MC=**Lli. 
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J#fiU ?:M"^P*iiii£»2J*L7=gL ^H^tu ± 
L. C<7>&.. ±fBX h^-r^tt<0^1|ltO±S*K!< ^X 

/N±Ii:IiifSfl)S2 0)^ftIJlfiEl,. 

l-» ±fBX h^^#(DfligUD±®£^ib<t>x/v£n5i:: 

-So 

[0 2 0 8] C0>3£B.fl(r < fc;h.[£ % ^3W*Lx— 9 s © 

«ft*fc(::J3l^-C. fiEftaffl<7>H^e*< (100) St? 
fe^m 1 HSf9tti«Lti:'J>«C < <t tSttJI. 2 

§n©f 1 at/m 1 wiiffii 2 a>#^ 

L , ±JB* 1 <D¥^<*SroSffi * SMt & < O / 1 / 20 
1 > *6i(=a>tf£>x h^-f zfftom 1 ©3l£«2jifcu c 

x K^-f 7xo>mmt*o)mm<i>iamiz#m? *. <o 
/i/i> *i6]ic(oi;*2ife(©x h^-f zfvtm : £!&f& 

U ±ffl2&<©3S£Jitt&t?Sn3?BIM>SfS3 
-t. ±lB*3«>iMH*Ji±. ;&tf-tgESS2 0#^<*JI_t 

1:12 ^fis) <om 4 o>*mi*m &»ntt %> * 5 1= ufc *^ 

[0209] c©*Mi=«t*Ltf, $19111% 
±«=»1*«fi*5vKJi. SIM. St/l2fIS^ 

tEl^lifc, ^-<»SSA<¥iI^^2^BSim3it^P-y 40 

**ss(=*tt-r s c t t><Pim<t l>— * m&z mmx- 

[0210] coHiUiirJcftli, ¥S5t* U— tPffl 
Sit*;iicfcu>r. hoo) 

1 ] Bit hoo] s-essftfc (on) -ftfacnm 

±lc|g2jgm£Jtf>#^<*JI£ {100} m~Wnizfr-o 50 



*<j£1±Ji±KIBE£*W::'^ •;/ h*H(=SM-r-S - 1 
fey. ±|BfHlB«tt«. S«aHI= (01 1> 

*is)0x s^-T^tt^p^^-r^a«?fi£Sffl-7x^^is 

SlWlSf^ftl, Sttli. 2S 
B3!!¥^*II * M&ISajft«-f £> ctl:j;y -5 «fc 
5(=L7=OT% 2|3©ieSfieSl=J;yf^ST?^. ifegtt 

[0 2 1 1] w©«HB(=J:*ltf. U— tf<*> 

-ji e x v t > l r ±ii*m#-m<r>WL±mmm £ 

vX h^rr-gxfc^lcLf::*)^ Ui?X h^BdOSgS 
roSSl*gs£-5t(::-f -Set Ui>X hOT&5i14 

[0 2 12] C©f6^l=«fc*l(S. JSttJB*^*?^ 

-9-x h^'f ^(DffliJSgpicff^fiE^^tfc (111) Bit L 

Ai2>^-M«i:^ffixfc«tJ«<!: Lfc^e.. ;S14Jl«ija5a> n M 

[0 2 13] *fcca>fgB^(Cj;*t(i. Jli»*|j»14(Dffi*l 
fcMO C V D;£^ffll,^SJSJg<7>*S^®*(4tt#14^fi) 

[0 2 14]*fc. C<©f§BJ|r«fcH(*. nSi#^«:S« 
&t>< (1 1 1) BEt Lra3?*x-&*Sa®*<JifB*^t*: 

£Ji§ia>flJia.»:fc-r£iJtJ;y t,^#< o° jut 

■t?fc-5^BS±fB;Sf±Jla)fiiJ®<7>eS(=^-r-5 pS* 

U— *f£ ^ -S am A<fe i> . 
[0 2 15] *t=. =.0>nmz&*ll£^ U— 1f(7> 

S3g^;ilcfc^r. (00 1) fe€.t>li (0 0 
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1 ) ifi«t?ft* nH*»(**«±l=JSttJB**t?*»* 

»JHK£Ht*fMl£AU <1 1 

a*flii*T. din bb*±ibx h^-f 

(111) BB£LT«£;h«tSAH*<±E¥«{**JI 
^a>«B £ ±Gflti>&*ll <t 0>Ba (=ES £ ft fc± JES A 20 

[0 2 17] *fc. ^<d%w\~±*i\£. *mw\s-*fo 
h is * jamas l. c+ls^-^x h^^c^mmzfAmL 

[0 2 18] c<D«W(cj:*itf. iMMfcu— tf© 

»fi*j*(ca3l*-C. InPSSllCInGaAsPgtt 

K5-f ^»*(=J«»Lfcft. ta7<> (PH3 ) t7 40 
(AsH3) *, r;u->>(7)«^ht^;514Ji^fa 

[■■OMlttKn] 

[01 1 za>*M(D*1 <DXtfcMl::J:«¥*{*U-- if* 50 



[ID 2] H10>*SH*U— ifa>«3txaa>-»**-rH 

[03] 01 o>*sntu— ^©KiexstD-a^-rs 

[04] ca)ft9ia>«2(D|||kMl=J:«¥*f»U— If* 
[0 5] 04<7>#»f*ly—tr<7>fiitxe*^-r0-efc 
[06] -(D^<DS3(Dll«g«drcJ:^#3|i*U— if* 

^-f***jt0-cfc£o 

[0 7] H6(D*»{*u— if*iBa>Baixaa>-»** 
[0 8] @6 0)*»*i/- if<DKjtxf§<o-sp*3j^-0 

[0 9] ^2©II^J{C e fc^i|i^U-+J : (D#a5(^Tt;£ 
[0 10] *3(03tJfe«lcJ:**#«:Ly---9 s a>*»(D-+ 

[011] C0>«n<0«4OXlfifl(Cj;«i|i««U— tP 
**N-£MS0t?fc<5o 

[01 2] 01 1 <d*sh*u— ifasa^Hjsxss^-r 

0T?fc£o 

[0 1 3] 0 1 ifMtotelxwcfirt 

« *bmh*- £ sjt® mifc0 "cfe^o 
[014] a«fiK*(cj;y^ja**Lfcu ^s?»a>»«a> 

[0 15] JB4<DStJ6flHa>«J^«a)*sffl*^*r»fffiH 

[0 16] *4(D38ife«a>fte(DSs^«a)±H»*^-rBf 
@0-efo& o 

[017] C(D56Wa>*4(DSIlifi«lC«fc-6iJ£»i*U— if 

[0 18] C0«HO>]Ma>Xttffl(=<fc«¥«1*U— if 

7c#><Z>0-e&£o 
[019] CCD*Wa>!B4(D*MS«lC < fc«i|iaH*L/— if 

*=#>tD0T?fe£ o 

[0 2 0] C(D58BH<D«4a)58J6«(Ccfc**»<*l^— tf 

©»atX«|cm*T^£aRjafi"7X^<DVX*/<* 
— ><D - 0IJ * ffr f 0 T? fe * o 
[02 1] 02 OI=^-ra«fidftVX^*ffl^TffSL 

fc*»«:u-if<o«3i*^-r0-efe^o 
[022] ca>i6M©m4a>siiiEfi>jrcj:**SK*L/— if 
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— XDffeOflJ £ ^"T 0 T? fc £ o 
[023] CCD^^BSOHJSfe^JlCcfc^^frU— 9 s 

<*>sg;*& £i&b^ 6 a>0 X fc £ o 
[02 4] zo&Bji(Dm6<Dmmmiz±z > ¥z*#iL,--*f 

[025] m6(7>ll^j(rJ;yff^^tLfe#^U-+f 

<*>*83t£^-r0-efe£ o 

[026] ^<DmA<r>n7(Dmmmiz&z>¥mi*is—- *f 

[02 7] c^^^ms^Uffi^Kc^^ili^^-^ 

[028] mmtei&ViO)*-** ^^^zf^rmmmx 

[02 9] II^ff»^« h^-r ^tr^H^g^ 

[030] (11D Bm±~»(Df$.-B:<Dm.wmx&& 0 

[03 1 ] X \-^-CZ?<Dfetf*(»±iimUt><mt®:<&fo 20 

Uj^tt) o^x h^^£^-rajr®0-efc£ o 

[03 2] Brffia±UJ«a»-9-X h^-f ^tfCDaafifc* 

[03 3] *<D±mz&*-y-tetto)Utt£^-?z>teft 
[13 4] h^-r zfxom&m&tif 

[03 5] m6<D*lftfi!HCcfeyffKLfc*»«:iy— W 

[03 6] tt*a>^**a>a»*fflL^fcB3t*ftc=«fey 

fE«Lfc*W(*U— If (0 5 4) CD';-^/\°Xte0>On: 
/\®rt#*li0-T?fc&o 
[03 7] -0>^(D^9a>SIS6ClllCcfc^*»tt:Lx-tF 

[0 3 8] »9 0>SlB«l=«fc-&*SW*U— tfo>«3t*a 
[03 9] IB9(D*J6«(=cky»«**Lfc*aW*u-if 

a>«ii^^-r0-efe^o 40 
[040] z.aymwmi oo>mmm\z& 

■tfO)K3t*ft*^-r»rHxaia-C*-6o 
[0 4 1 ] 11 0<DlUfiffJlcJ:y^fiE$#Lfc#»tt:U— 

-tf^«it^^-r0t?fe^o 

[04 2] *6(D*llfi««Ccfc**flM*U— tf0)«Jt*a 

«cj;*ij£»itu— tfo>«ii*ar=*5it*aa«fia)*ft 
v— ^>x^^"r0-r?fe^> o 

[04 3] 04 2|C^"T 2 0Wcf^lSSv'- <T>X£ 
ffll^T I nGa As Pl±C I n PB£«SSf»fi LfcS 50 



[0 4 4] C0>*Wj<DSl 1 <&sg^i^J(::«fc&¥«^*u— 
1f(D»it*j*£KW^a/=^fr<&^ 
[04 5] tt^y^u^^^uaa-^^rPScD^ai* 

[04 6] H4 5o>*sn*L/— »f*jia-r*ti£*a>*» 
ifa>SiS*a*^-rxS0-c?fe^o 

[04 7] 0 4 5(D^«*U-1f^Sit"r^tt*C7>ftba> 
[04 8] tt*0)*»(*.U— 1fO« 1 <D*5»S3KSKi&£ 

^■r^5e0-c&^o 

[04 9] tt*(7>#sf*u-tPo>m2a>*jas553gs&* 
[050] «*a>*wf*i^-if(Daa*ai=feit*"j^ 

[05 1] H5 0i:st'J ^fl2#£S#&^H2fi£L 

ft = *5 It * ft»«9K&K * ^"T 0 T* fc S o 
[0 5 2] «£*0>*flH*U— tF«a**"i"BrBH"e* 

[053] **ftu— ifr=fc(t«jB2(o>ii«i«sMi»a> 
[054] «2<D«ija«3Sftss(D***i»iL-r-6»as* 
[055] #^<* tT(=fe«t*« 1 a) j*ja«3Ke»a> 
[05 6] >)-<7'*Mztm*ftth*(Dmm£*irmx 

[05 7] It*© n S£fi$ffi L>fcia^f □ 

ifs*-r»aiat5fc«. 

[0 5 8] 0 5 7a)*#{*U— if<D»ft*KWT*f=A 
CD $r®HxE0 

[0 5 9] 0 5 7 0>*SH*U— tf(DHat*a*^-rw® 

Xg0T?fc^) o 

1 piln Pgffi 

2 P SlnP^7*;KI 

3 7> K— 3f I n G a A s P;St£B 

4 nSl nPH±^77 KB 

5 pg> I n Pliil 
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7 pS I n Pta^P7^I 

8 I n PS2±^7^ KB 

9 nSlnGaAsP3>^hl 

I o mmm 

I I piss 

1 2 nilg 

1 3 p fi^FMfaVAtttt 

15 S i 02 — > 

1 6 T+^jum 

1 7 p£!7ffi«g 
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